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PREFACE. 



WV>^A/V^N^VWW»».^S^»/>/>/V»W J-J*f>i^S*1^^ ^>^. 



The design of this work, which has been prepared 
at the suggestion of a number of experienced teachers^ 
is to supply a lack that has for some time been felt, and 
which seems to be increasing. In the multitude of 
Academies, which are everywhere springing up in our 
country, there are very many from which it is felt that 
this important science cannot be entirely excluded, and 
yet but a very limited time can usually be devoted to 
the classes in it ; consequently the text-books now in 
general use are found either too large and full, or else 
of too juvenile a character. But while special regard 
has been had to the wants of such, it is believed that 
the work will also be found well adapted for the use 
of that younger class of learners, who may be desirous 
of making themselves acquainted with the elements of 
the science, preparatory to the more thorough study of 
it in the larger works. 

The author's larger work has now been before the 

public a number of years ; and the cordial reception it 
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IT PREFACE. 

has met T^th has afforded him great encouragement m 
the labor of preparing the present one, which is in 
part an abridgement of the former. The arrangement 
of some of the topics discussed- has been considerably 
changed^ as was required by the more 4$lementary char- 
acter of the present work. 

Besides many of the best scientific journals, most 
of the standard English and French authors have been 
fireely consulted, and some of the German, especially 
the excellent treatise of Mitscherlich ; and, small as is 
the compass of the volume, the author flatters himself 
that it will be found a faithful compendium of the 
science in its present state ; and a useful auxiliary in 
promoting the study of this his favourite science. 

MmniiETOWN; Ct., Deo. 1, 1849. 
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ELEMENTS OF CHEMISTM. 

PARTI. 
THE IMPONDERABLE AGENTS. 

INTRODUGTIOlf. 

1. Thb science of material nature may be conveniently 
divided into the three great branches — Natural History, 
Natural or Mechanical Philosophy, and ^||^mistry. 

2. The first of these branches, Natural. History, includes 
three distinct sciences — ^Mineralogy, or the science of mine* 
lals — ^Zoology, or the science of animals — and Botany, or 
the science of plants. 

3. Natural Philosophy treats of the properties of matter 
considered in masses, and the relation of these masses to 
each other, without reference to their internal composition 
or structure. 

4. Chemistry, on the other hand, takes into consideration 
tl^e internal structure and composition of bodies, and the 
relations which their ultimate particles sustain to each other. 
It malres us acquainted with the action of these particles 

1. Into what three branches may the science of material nature 
be divided ? 

2. What are the three subdivisions of the first great branch, or 
Natural History? 

3. Of what does Natural Philosophy treat? 

4. With what does the science of Chemistry make us acquainttd? 

(9) 



10 INTRODUCTION. 

upon «each other, and the laws and results of this action ; — 
an action which takes place only between the particles of 
different kinds of matter, and at distances so very minute 
as to be entirely insensible, and which always results in the 
production of compounds possessing new properties. 

5. Subdivision of Chemistry, — Chemistry is usually di- 
vided into the two branches of Inorganic and Organic 
Chemistry. Inorganic Chemistry treats of mineral matter, 
or matter uninfluenced by the principle of life ; while Or- 
ganic Chemistry treats of matter under the influence of this 
principle ; that is, it treats of animal and vegetable matter. 

6. As a general truth, organic substances cannot be pro- 
duced by art, without the aid of the living principle. As 
an instance, sugar is a compound of carbon (pure charcoal) 
and water, or the elements of water ; but no chemist can 
take these subsUM^es in his laboratory, and cause them to 
unite so as to produce sugar. .It is only from vegetable or 
animal substances that sugar can be formed. 

7. Atoms^ or Molecules, — It is believed that every kind 
of matter is made up of immense numbers of minute pai^ 
ticles, which are so small that they have never been seen 
by the eye, even when aided by tBe microscope ; and to 
these has been given the name atom (from a, primitive, and 
temnoy I cut) or molecule. We have little direct knowledge 
of these particles, and yet it will be seen as we progress, 
that much has been determined of them indirectly. It ^is 
believed that all the particles of the same substance are 

, precisely of the same size, fon^, and weight. 

8. Simple and Compound Bodies. — Simple bodies, or 

^11 .in ■» ■ I ■ ^^^ ■ ■■■^ li.i ■■ mm^ ■ ■■ — ■■■ MM ■ ■ ■ ■ ■ 

5. What two branches of the science are there, and of what do 
they tre^t ? 
/ 6. Can organic substances be produced by art, unaided by the 
vital principle ? 

7. What is said of the atoms or molecules of bodies I 

8. When are bodies said to be simple ? 
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INTRODUCTION. 11 

elements, are such as are composed of only one kind of 
particles, of which there are known with certainty only 
fifty-six. Such are gold, silver, copper, sulphur, carbon, &c. 

9. Compound bodies are composed of two or more kinds 
of particles, which are held in intimate union by a force 
called chemical attraction or affinity. The separation of the 
elements of a substance is called its decomposition. 

All substances are considered Simple that have never been 
decomposed. 

10. The composition of a body may be determined in 
two ways, analytically or synthetically. By analysis, the 
elements of a compound are separated from onf another, as 
when water is resolved by the agency of galvanism into 
oxygen and hydrogen ; by synthesis they are made to com- 
bine, as when oxygen and hydrogen unite by the electric 
spark, and generate a portion of water. Each of these 
kinds of proof is satisfactory ; but when they are conjoined 
— ^when we first resolve a particle of water into its elements, 
and then reproduce it by causing them to unite — ^the evi- 
dence is in the highest degree conclusive. 

11. Matter is Indestructible ; that is, it cannot be made 
to cease to exist. This statement seems at first view con- 
trary to fact. Water and other volatile substances are dis- 
sipated by heat,' and coals and wood are consumed in the 
fire, and disappear. But in these and other similar pheno- 
mena, not a particle of matter is annihilated, but the apparent 
destruction is owing merely to a change of form or of com- 
position. The power of i\^e chemist is, therefore, limited 
to the production of these changes. 

12. Different Forms of Matter. — Matter exists in three 

9. What are compound bodies ? 

10. How may the composition of a body be determined ? 

11. Can matter be destroyed by human agency 7 

12. What are the three forms or states of matter 7 What is said 
of the imponderable agents ? 
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• 

fonns or states, the solid, liquid, and gaseous. Besides 
these there are the three imponderable agents, Heat, light, 
and Electricity, which, if they are material, will constitute 
a fourth form of matter. 

13. It is believed that the particles of a substance, even 
the most solid, are never in actual, contact, but are held in 
close proximity by the two opposite forces of attraction 
and repulsion ; and that the particular state, whether solid, 
liquid, or gaseous, in which a body is seen, depends upon 
the relative intensity, for the time, of these forces. 

14. If the force of attraction altogether preponderates in 
a body, it is solid^ and the particles, in general, are held 
firmly in their places, and are incapable of motion among 
themselves. But the particles are not in actual contact, for, 
by cooling, or by great pressure, the dimensions of any 
body may be contracted, and, therefore, its particles brought 
nearer each other. This will appear more fully hereafter. 

15. In liquidsj tliere is a degree of cohesion among the 
particles, which, however, are capable of perfectly free mo- 
tion among each other. That there is a degree of cohesion 
existing between the particles is shown by the drop, which 
is composed, of course, of particles, held together by a 
alight force ; but this slight force does not seem to interfere 
with the freedom of their movements. 

Liquids have been supposed to be inelastic, but it has 
been found by accurate experiments, that they are slightly 
elastic. 

16. Gases are distinguished by their tendency to expand, 

13. Upon what does the particular form of a body depend? 

14. Are the particles of solids in actual contact? What are the 
reasons for this opinion? 

15. Is there any cohesion among the particles of liquids? How 
IS this shown ? Are liquids elastic ? 

16. How are gases distinguished ? b there any coheeioa among 
their particles ? 



INTRODUCTION. 13 

or enlarge their volume, when external pl^ssure is remoyed. 
In them the attractive force is entirely overcome by the 
repulsion of the particles. The term pad is applied to 
both liquids and gases. 

17. Some substances are found, naturally existing in one 
of these states, and some in another; and many can be 
made to pass from one state or form to another, simply by 
varying their temperature, or the pressure to which they are 
exposed. Thus, water at a moderate temperature is liquid, 
but in the cold weather of winter it freezes, that is, becomes 
solid ; and if it be heated sufficiently, it is changed into 
steam, or becomes gaseous. The metal, platinum, is found 
always in the solid state, but it may be melted by very 
great heat ; it cannot, however, be changed into a gas by 
any heat that man can produce. Several substances, found 
naturally in the gaseous state, may be changed to liquids by 
great pressure, or by extreme cold ; and, by a still greater 
cold, some of them may be frozen. Others, as atmospheric 
air, have hitherto resisted all attempts to reduce them to the 
liquid or solid form. 

18. It has already been remarked, that, if the imponder- 
able agents be considered as material substances, they con- 
stitute a fourth form of matter. They are said to be im« 
ponderable, because they possess no appreciable weight; but 
they certainly exhibit some of the ordinary properties of 
matter. They may be accumulated in bodies, are capable 
of being attracted and repelled, and often produce various 
chemical and mechanical efiects. But because they possess 
no weight, so &r as we can determine, many choose to 
consider them, not as matter, but only properties of matter. 

17. How may a substaoce be made to pass from one of these 
fbrms into another 1 What example is given 1 What is said of 
the metal, platinum ? 

18. Why are the imponderable agents so called? Do they ex* 
bibit any of the proportions of matter 1 

2 



14 NATURE AND SOURCES OF HEAT. 

HEAT. 

NATURE AND SOURCES OF HEAT. 

19. Mature of Heat, — We know nothing Df the real na- 
ture of heat, but are familiar with many of its relations to 
matter in general, and with its efiects. Even when tHe 
nicest balances are used, it seems to be entirely destitute of 
weight ; any substance always weighing precisely the same, 
whether at a high or a low temperature. 

20. On this account many have doubted whether it is a 
substance, but consider it as a m6re property of matter. In 
describing its efiects, however, and its various relations to 
matter in general, we shall speak of it as an exceedingly 
subtile fluid, the particles of which constantly repel each 
other, but are attracted by other substances ; — as capable of 
being transmitted through space, and the interior of bodies, 
and of being accumulated in quantities in them. We mean 
by the Use of the word, the cause, whatever it may be, of 
the effects attributed to it. 

21. Sources of Heat, — ^The chief sources of heat are the 
five following, viz.: 1. The sun; 2. Combustion; 3. Fric- 
tion ; 4. Electricity ; 5. Vital action. 

22. The Sun is the great source of heat to our system. 
The intensity of the solar heat appears to be directly in pro- 
portion to the number of rays that can be collected upon a 
given surface ; and at one time philosophers were able to 
produce a greater, heat by collecting the sun's rays by means 
of the convex lens or concave mirror, than by any other 
mode. 

19. Do we know anything of the real nature of heat? 

20. In describing the effects of heat, and its relation to matter, 
what do we consider it 7 What do we really mean by the use of 
the word heat ? 

21. What are the chief sources of heat ? 

22. What is said of the heat of the sun ? 
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But although the sun's rays are not made use of in the 
arts when great heat is required, yet their momentous im- 
portance to all the inhabitants of the earth cannot be over- 
estimated. Without them all the water upon the &ce of the 
globe would soon be congealed, and animal and vegetable 
life cease to exist. 

23. Gombustion is the great source of artificial heat, as the 
sun is the source of natural heat Besides wood, nature 
has provided immense deposites of combustible material^ in 
the form of mineral coal,' in the bosom of the earth. These 
are found in almost every country, and seem to be provided 
by the Creator as an unfailing resource for man, when, from 
the increase of the species, or from his own negligence or 
extravagance, the supply from the vegetable world should 
fail or become deficient. 

24. Friction is occasioned by the rubbing of one sub- 
stance against another, and is usually attended by the evo« 
lution of heat By the friction of the parts of heavy ma- 
chinery, especially when not well oiled, heat has often been 
evolved sufficient to ignite wood ; and the same efiect is -said 
to have been produced in ships by the rapid descent of the 
cable. Some tribes of the aborigines of this country were 
accustomed to kindle their fires by rubbing smartly one 
piece of wood against another. 

In the boring of cannon heat enough has been evolved' to 
raise the temperature of a considerable quantity of water so 
as to boil. 

The friction of liquids or gases against other substances 
does not appear to excite heat. 

23. What is the chief source of artificial heat? How has na- 
ture provided a large sappiy of fuel for the production of heat 
artificially 7 

24. What is said of friction as a source of heat ? What is said 
ef the efiects of friction in machinery 7 
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25. Electrieityy in passing through poor conductors, or 
good conducting substances which are small in proportion 
to the quantity of fluid passing through then, often intensely 
heals them ; but this subject will be discussed further on. 

26. The influence of vital action ia developing heat is 
seen in all warm-blooded aniuMds, which are maintained at 
a temperature often much above that of the air aAd other 
surrounding bodies, though heat must constantly be escaping 
from ihem. 

EXPANSION OF BODIES BT HEAT. — THER- 

MOMETEHS. 

27. We have seen above (17), that heat is capable of 
changing the form of bodies, as from the solid to the liquid, 
and from the liquid to the gaseous state ; but before this 
change is effected, on the application of heat to nearly all 
bodies they are expanded or enlarged, and contract again on 
cooling. 

The heat appears to enter among the particles of the body, 

separating them farther from each other 
in opposition to cohesion, and thus ren- 
dering them less compact than before. 
28. Expannan of Solids, — ^The ex- 
pansion of solids by heat is not very 
considerable, but may easily be made 

^ ^ ' d K very sensible. I^et a bar of brass, A (see 

fig*)^ be accurately fitted into a gauge, 
B, when cold, and then let it be slightly 
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25. Iq what circumstances does the passage of electricity excite 
heat 7 

26. What is said of vital action as a source of heat ? 

27. What is the general effect of heat on the dimensions of 
bodies ? How is the expansion produced % 

28. Describe the experiment showing the expansion of a piece 
of metal by heat. Does the metal expand in breadth and thick* 
ness, as well as in length % 
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heated ; it will be found to have increased so much in length 
as not to fit the gauge. If the gauge be alsp made of brass, 
upon cooling it in ice-water the same result will be obtained, 
because of the contraction of the gauge by the cold. 

Though these experiments show a change in length only, 
a corresponding change is at the same time produced both 
in breadth and thickness. 

29. But all solids do not expand equally when equally 
heated; lead, for instance, expands more than brass, and 
brass more than iron. The expansion is not permanent, 
but when subsequendy cooled the body returns to the same 
dimensions as at first. 

The expansion of bodies by heat, and also their contrac- 
tion on cooling, appears to take place with & force that is 
absolutely irresistible. 

30. Yhe different expansibility of the two metals, copper 
and platinum, may be shown by soldering together a thin 
slip of each, and applying a moderate heat to the compound 
bar. Both plates will be y — ^ 
equally headed, but the 
copper being the most ex- 
pansible, the bar will be 
curved, the copper being on the convex side. See figure, 
in which the copper is supposed to be on the lower, and 
the platinum on the upper side. 

This property of bodies, and particularly of the metals, 
has been applied to various useful purposes in the arts. The 
iron band or iirt of a carriage-wheel is made a little smaller 

than the circumference of the wheel, but, being expanded by 

\ 

; , . 

29. Do all solids expand alike ? Is the efTect permanent ? Is 
the expansive force irresistible ? 

30. Describe the experiment showing the different expansions 
of two metals. Describe tbe roode of applying the tires of car- 
riage-wheels. 

2» B 
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heat, IS snfficiently enlarged to be slipped on; and the imme- 
diate application of water prevents it from burning'^the wood, 
and brings the iron to its original dimensions, causing it to 
grasp the wheel with great firmness. Other examples will 
suggest themselves to the mind of the student. 

31. The expansions and contractions of bodies by changes 
of temperature also occasion some inconveniences. The 
accurate movement of clocks depends upon the length of 
their pendulums, which being sensibly affected by changes 
of temperature, they are made to go faster in cold, and 
slower in warm weather. 

32. Brittle substances, when uifequally heated, are oilen 
broken by the unequal expansions and contractions to which 
they are liable. 

Boiling water, poured upon a plate of glass, is very sure 
to break it, because the upper surface being at first more 
heated, and therefore more expanded than the lower, it tends 
to bend it like the compound bar (30), but being a brittle 
substance, and not capable of bending, it is fractured. 

Metallic or other instrunients used for measuring length 
or capacity vary with change of temperature — ^a circumstance 
that sometimes occasions serious difficulty where very great 
accuracy of measurement is required. 

3d. Expansion of Liquids, — In solids, the expansive force 
of heat is opposed (14) by the cohesion of their particles, 
and is therefore less efiective than in liquids, in which there 
is only a very slight cohesion of the particles. A liquid, 
therefor.e, will expand on being heated, much more than a 
solid. 

31. What incouveniences result from the expansion of bodies 
by heat, and their subsequent contraction ? 

• 32. Why will a plate of glasd be broken by pouring boiling 
water upon iti 

33. Why should a liquid be expanded by heat more than a 
solid? 
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34. The expansion of a liquid nmy be shown in the fol- 
lowing manner. Take a glass flask 

(called a mattrass or bolt-head), of the 
form represented in the figure, and 
partly fill it with some liquid, as water, 
and tie a thread around the stem, as 
ojn A, to indicate the height of the 
water in it ; and then apply for a few 
minutes the heat of a spirit-lamp. Both 
the glass and the water will be ex- 
panded; but the water will expand 
more than the glass, and will then 
rise in the stem, as shown in B. 

35. But all liquids when equally heated do not expand 
alike, — every one possesses an expansibility peculiar to 
itself. By experiment, it is found that ether expands more 
than alcohol, alcohol more than water, and water more than 
mercury. « 

36. It is found that both solids and liquids expand more 
by a giv^ addition of heat at high than at low temperatures ; 
that is, when very hot, if they are heated a given amount, 
they expand more than when the same amount of heat is 
added to them at a lower temperature. 

37. Expansion of Gases. — Thermometers. — Gases are ex- 
panded by heat more than either solids or liquids. This is 
supposed to^ be in consequence of the total want of cohe- 
sion (16) among their particles. 



34. Describe the experiment to prove that water expands when 
heated more than glass. 

35. Do all liquids expand alike when heated ? 

36. Do bodies expand most at high or low temperatures, when 
heated a given amount? 

37. What is said of the expansion of the gases ? What reason 
is given for this fact? Describe the method of showing the expan- 
sion of air by heat. 
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To show the expansion of air by heat, let a 
glass flask, filled with air, be placed as in the^ 
figure, with its mouth immersed in water; then 
warm it slightly, by grasping the bulb in the 
hands, or breathing upon it, when th^e air will 
escape in bubbles, in consequence of its expan- 
sion by the heat. On cooling, the air within 
contracts, and the water rises in the stem to sup- 
ply the place of the air which was expelled. 

38. All gases, whatever may be their nature, 
expand equally, when equally heated, and, like 
solids and liquids, contract again to their original 
volume when cooled down to the temperature 
they had at first. So, also, a given quantity of 
heat, communicated to them at any temperature, 
produces the same expansion. 

39. Jliermometers are instruments for measuring varia- 
tions of temperature in the air or other substances. 
OThe name is from the two Greek words, thermos^ 
heat, and metron, a measure. The first inl^trument 
of the kind, so far as we know, was constructed but 
little more than two hundred and fifty years ago, 
by Sanctorio, an Italian philosopher. 

There are several difierent thermometers in use, 
but all depend for their action upon the expansion 
of bodies by heat, and contraction by told. 

40. Sanctorio* s thermometer was made in the 
following manner. A glass tube of small diameter, 
having a bulb blown at one end, was partly filled 
with a colored liquid, and the stem passed through 




38. Do all gases expand alike by heat? Will the same quantity 
of heat prodnce the same expansion at any temperature ? 

39. What are thermometers ? , 

40. Describe Sanctorio's thermometer. 



EXPANSION OF BODIES BY HEAT. 21 



a cork,* and inverted in a vessel containing the same kind of 
liquid, and having a wide bottom, as in the figure, so as to 
stand upright firmly. Through the cork a small perforation 
was madej so as to allow the air to pass freely, and to the 
stem a graduated scale was attached, to mark the rising and 
falling of the liquid in it. 

41. Now, in an instrument of this kind, it b plain that 
when the bulb is heated, the air within will be expanded, 
as before explained (37), and the liquid in the stem will fall; 
and a motion of the liquid in the opposite direction will take 
place when the bulb is cooled. The rise and fall of the 
liquid will also be proportional to the change of tempera- 
ture in the bulb. *The instrument, therefore, answered the 
purpose designed quite well ; but it is liable to objections, 
which, however, cannot here -be discussed, and has been 
entirely superseded by others, which are more convenient 
to use, and are considered 'more accurate. 

42. The differential thermometer 
may be considered as a modification 
of the preceding. It c()nsists of a glass 
tube, bent twice at right angles, with 
a bulb at each end, and is supported 
on a stand, as shown in the annexed 
figure. In the tube is contained a 
portion of colored oil of vitriol, or 
other liquid ; but both bulbs are lefl 
filled with air, and to one of the arms 
is attached a- graduated scale. When 
both bulbs are equally heated or cooled, 
this instrument indicates no change ; but if one is heated or 

41. How does this instrument show a change of temperature? 

42. What may the differential thermometer be considered? Of 
what does it consist? Is any change indicated by this instrument 
when both bulbs are equally heated or cooled ? What Is indicated 
by it? 
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cooled more than the other, a motion is at once occasioned 
in the liquid in the stem, the direction of which will be 
readily understood from the explanations already given. 
This thermometer therefore indicates the difference of tem- 
perature at any time existing between the bulbs, and hence 
its name. ]t is exceedingly delicate, and is especially adapted 
for some particular purposes. 

43. The common thermometer, in use everywhere ti the 
present day, consists simply of a glass tube of an exceedingly 
small bore, with a bulb blown at one extremity, and filled 
with mercury to about one-third the height of the -stem. The 
air being expelled, the tube is hermetically* sealed, and the 
freezing point ascertained by holdmg it a short time in water 
containing ice, and the boiling point by holding it in the 
same manner in boiling water. It is necessary that these 
two points should be accurately determined, in order ihat 
the indications of different instruments may be compared 
with each other. 

By the term freezing point here, is meant the temperature 
at which water freezes or ice melts, which, with certain ex- 
ceptions, is always the same, as will be fully explained here- 
after; so, also, pure water always boils at the same tempera- 
ture, provided attention is paid ta certain circumstances to 
be discussed further on in the work. This temperature is 
called its boiling point. 

44. It will be unnecessary here to give a minute descrip- 
tion of the method of making thermometers, as, at the pre- 
sent day, they can be everywhere obtained at a very mode- 

^rate price. ^^ Besides, the construction, though simple in 

* A glass tube is sealed hermetically by melting the end by means of the blow- 
pipe, and thus perfectly closing it. For this puipose the end is asually drawn 
out into a fine point. 

43. Describe the commoD thermometer. What are the freezing 
and boiling f}oint6 ? 

44. Are thermometers easy of construction? 

« 
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theory, is difficult in practice. It requires great tact and 
dexterity to produce one of very moderate goodness ; and 
without steadily watching the process as performed by an- 
other, or previously possessing much practical knowledge in 
glass-blowing, &c., it would be a vain attempt." — Faradaifs 
Chemical Manipulation^ p. 144. 

45. Having determined the points at which the mercury 
stands in melting ice, and also in boiling water, and marked 
them by making a scratch upon the tube with a file, a gra- 
duated scale of brass or wood, of equal length with the tube, 
is attached to it, and it is ready for use. 

46. The graduation of the scale of the thermometer is a 
matter of great importance ; and it would be fortunate for us 
if we had but one, instead of three or more, as is the fact. 
We have seen (43) that in all thermometers there are two 
fixed points; and the question now before us is, into how 
many parts, or degrees, shall the space between them be 
divided ^ Unfortunately, this question has been answered 
differently by different artists, and in a manner entirely arbi- 
trary. 

47. Fahrenheit^ a German artist, whose thermometer is 
generally used in this country and in England, divided it into 
180 parts or degrees, and placed the zero, or the beginning 
of the scale, 32 degrees below the freezing point ; so that 
the temperature of melting ice or freezing water is 32 degrees, 
and that of boiling water (32 + 180=) 212 degrees. 

48. Celsius of Sweden proposed to divide the space into 
100 parts, and placed the zero at the freezing point. His 

45. How are the freezing and boiling points marked ? What is 
attached to the tube ? 

46. What two fixed points are there in the various thermome- 
ters? Is the space between these points divided in the same 
manner in the different thermometers? 

47. What thermometer is generally used in this country and in 
England ? Describe the scale of Fahrenheit's thermometer. 

48. Describe the 89ale of the centigrade thermometer. 
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thermometer is called the centigrade thermometer, and is 
used in France and Sweden, and sorge other parts of Europe. 

49. Reaumur divided it into only 80 parts, placing the 
zero, or beginning of the scale, like Celsius, at the freezing 
point ; of course the boiling point is at 80. 

50. Below zero of each of the scales, and above the boil- 
ing point, degrees are usually marked, of precisely equal 
magnitude with those of other parts of the scale. Tempera- 
tures below zero are usually indicated by placing a horizon- 
tal line before the figures representing the degrees. Thus, 
— 12° means 12 degrees below zero on the scale used. 

The numbers 180, 100, and 80, which severally represent 
the number of degrees on the above scales, are to each other 
as 9, 5, and 4. Recollecting, therefore, that the zero of 
Fahrenheit is 32 degrees 'belo^ that of the other scales, the 
expert arithmetician will find no difficulty in reducing the 
degrees of one scale to those of another. 

Thus, to convert the degree of temperature indicated by 
Fahrenheit's scale into its centigrade equivalent, we multiply 
the degrees above or below 32° by 5, and divide by 9. Sup- 
pose the temperature by Fahrenheit's thermometer is 140°, 
what is the corresponding degree in the centigrade ? Ex. : 
140— -32=108, and 108 X 5=540, and 540-t-9=60. On 
Fahrenheit's scale, therefore, 140° are equivalent to 60° of 
the centigrade thermometer. 

Let us suppose again that the temperature by the centi- 
•grade thermometer is 60° ; it is required to find the corre- 
sponding degree by Fahrenheit's instrument. Ex. 60 X 9 = 

640, and 540 -r 5 = 108. To this (108 J we must now 

_4 ^ 

49. How is the scale of Reaumur's thermometer divided ? 

50. How are the degrees above the boiling point and below the 
freezing point marked ? Suppose the temperature by the centi- 
grade thermometer to be 60°, how may the corresponding degree 
in Fahrenheit's thermometer be found 7 



•I 
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F. 



C. 



R. 



— 100 



—75 



— 50 



—25 



-.80 



-W 



— 40 



— 20 



add 32, because the begintiing of Fahrenheit's scale is 32° 
below that of the centigrade. Thus 108° + 32° = 140°. 

51. In this work, and in most works in the English lan- 
guage, if nothing is said to the contrary, it is always to be 
understood that temperatures are expressed in degrees of 
Fahrenheit's scale ; but, to avoid 
confusion, we often place F., C, 
or R., after the figures expressing 
the degrees, to indicate what ther- 
mometer has been used. 

The relation between the three 
scales above described is indi- 
cated in the accompanying figure. 

52. The register ihermometer 
is a thermometer so contrived as 
to register the highest and lowest 
temperature which may have oc- 
curred during the absence of the 
observer. The one now chiefly in use consists in fact of 
two thermometers, one being adapted to show the highest, 
and the other the lowest temperature. For a particular de- 
scription of the instrument, see the author's larger work, 
page 38. 

53. Though mercury is chiefly used in filling thermom- 
eters, yet other liquids are also sometimes employed. At 
very low temperatures mercury is frozen, so that it ceases 
to answer the purpose designed'; in such cases, therefore, 
alcohol thermometers alone can be used. 
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51. How is the thermometer used in a particular case often de- 
signated ? 

52. What is the register thermometer ? 

53. What liquid is used in thermometers for measuring very low 
temperatures ? 
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54. The Pyrometer (from the Greek words pur, fire, and 
metron, a measure) is an instrument for measuring heat so 
intense that the thermometer cannot be used, as the heat of 
burning coal. The only one now in use is that of Prof. 
Daniel of London. It is, however, seldom seen, and cannot 
be here described. 

55. Exceptions to the general Law of Expansion, — ^There 
is a single remarkable exception to the general law (27) 
concerning the expansion of bodies by heat, as above stated. 
Water is most dense at the temperature of about 40°, and 
expands, whether it is heated above this point, or cooled 
below it. 

To show this, fill an ounce vial with water at the 
temperature of 65° or 70°, and adapt to it a cork, 
through which passes a glass tube of small bore. 
Then insert the cork and tube, and fill the latter with 
water one or two inches above the neck of the vial, 
and expose the whole to the cold atmosphere of 
winter ; the contraction of the water in the vial will 
very soon be made evident by the fall of that in the 
tube ; but the falling will shortly cease, and an up- 
ward motion commence, indicating an expansion of 
the water in the vial, although its temperature must be 
all the time falling. The volume of the water has 
therefore first been diminished by reduction of its 
heat, and again expanded ; and by making use of the 

thermometer, it is found that the change takes place at about 

39° or 40°. 

By immersing the vial in a freezing mixture, to be here- 



54. What is the pyrometer 7 

55. What remarkable exception is there to the general law that 
bodies are expanded by heat? Describe the experiment to show 
that water, in a particular case, is expanded by reducing the tem- 
perature. 
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after .described, the experiment may be performed in. a still 
more satisfactory manner. 

56. The most important effects result from this remark* 
able property of water which has just been described. If 
the density of water continued to increase until it arrived at 
the freezing point, as is the case with mercury and other 
liquids, ice would be heavier, than water, and as soon as 
formed would subside to the bottom in successive flakes, 
until the whole of the water, however deep, would become 
solid. The eflects of such an arrangement can be easily 
conceived. Countries which, in the present state of things, 
are the delightful abodes of innumerable animated beings, 
would be rendered uninhabitable, and must inevitably be- 
come dreary and desolate wastes. But, since water expands 
previously to its freezing, as well as dliring this change,' ice 
is lighter than water, and floats upon its surface, protecting 
the water, to some extent, from the further influence of frost. 
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57. Heat is distributed in various ways ; and we propose 
to discuss the subject under the heads of Conduction, Con- 
viction, Radiation, Reflection, and Transmission. 

58. Conduction of Heat. — ^By tliis term is expressed the 
passage of heat from particle to particle, through the sub- 
stance of bodies. Heat is said to be conducted by them, or 
to pass by conduction j and the property on which its trans- 
mission depends is termed their conducting power. 

56. Do any important effects result from this peculiar property 
of water? 

57. Under what heads are the phenomena attending the distri- 
bntion of heat discussed ? 

58. What is meant by the conduction of heat? 
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59. The gradual passage of heat along a bar of metal is 
well shown by the following experiment: — Take a small 

bar of copper, 18 or 20 
inches in length, and ce- 
ment to it several small 
bullets, or piarbles, about 
two inches from each 
other, by means of wax, 
as shown in the figure, 
and then apply the heat 
of a lamp to one end. 
As the heat progresses along the bar, it will melt the wax, 
and the balls will drop off in succession, the one nearest the 
lamp falling first, and the one farthest from it last. 

60. If, on a cold laorniug of winter, the hand is placed 
successively upon a piece of metal, and then upon a piece 
of wood, the former will feel much colder than the latter, 
because the metal in equal times conveys away from the 
hand much more heat than the wood. Daily experience 
also teaches that we cannot leave one end of a rod of iron 
for some time in the fire, and then touch its other extremity 
without danger of being burned ; yet, with a rod of glass, 
or wood, or charcoal, of but a few inches in length, it may 
be done with safety. 

61. FroQi these and other similar facts we learn that some 
substances conduct heat more rapidly than others : in some, 
as gold, silver, copper, and most of the metals, it passes 
rapidly; but in other substances, as glass, charcoal, porce- 
lain, and very dry wood, it passes very slowly. Substances 
that conduct heat freely are called conductors, while those 

59. Describe the ezperimeDt showing the gradual progress of 
heat along a bar of metal. 

60. Is the conducting power of different substances the same ? 

61. What are some of the best conducting substances mentioned? 
What non-conductors. 
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through which it passes slowly are said to be non-con- 
ductors, 

62. There are, however, no absolute non-conductors; 
heat penetrates the substance of all bodies ; the only difier- 
ence in them, in this respect, is in the rapidity with which 
the process takes place. Gold is usually considered the best 
conducting* substance known ; and very porous solids, the 
interstices of which are filled with air, as cotton, or sheep's 
wool, and fur, are the poorest conductors. 

63. Advantage is taken of the imperfect conducting powers 
of bodies, to prevent the passage of heat in any direction, 
particularly in confining it. Hence furnaces are generally 
lined with '^ fire-btick," or a thick coating of clay and sand. 
Wooden handles are fitted to metallic vessels, or 9 stratum 
of wood or ivory is interposed between the hot vessel and 
the metal handle. Ice-houses are constructed with double * 
walls, which have their interstices filled with fine charcoal, 
saw-dust, or some other non-conducting substance, to pre- 
vent the influx of heat from without. 

64. The design of clothing is to retain the heat produced 
by the system ; and hence the warmest clothing will be that 
which possesses the least conducting power. In winter, the 
poorest conductors are selected, and in summer the best, as 
it is then desirable that the superfluous heat may be permit- 
ted at once to escape. If, in summer, the temperature of the 
atmosphere should rise considerably above that of the sys- 
tem, it would be found advantageous to use the same cloth- 
ing as in cold weather, in order to prevent the accession of 
heat from without. 

62* Are there any real non-conductors ? 

63. What is the use of fire-brick in furnaces? How are ice- 
houses constructed ? 

64. What is the design of clothing? How does snow keep the 
earth warm in winter ? • 

3» 
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Snow, in consequence of ita imperfect conducting power, 
BCrvea as clothing to the earth in ninter, and prevents its 
Burface from being cooled down as low as it would other- 
wise be. 

65. Idqtiids of all kinds are poor conddctora of heal. 

This may be shown by cementing a ther- 
mometer tube in a glass funnel, inyerting 
it, and filling it with water, so as to cover 
tiie bulb about a quarter of an inch, or 
even less, as shown in the figure. Then 
pour upon the surface of the water a little 
sulphuric ether, and inflame it; the ether 
will burn brilliantly, but without afflicting 
the thermometer for some time, although 
the flame is so very near the bulb. 
I In like manner, heated oil, poured upon 
i the surface of water in a tumbler, can 
s scarcely be made to afiect a small thermo- 
meter placed at the bottom. 

66. If a tube ten or twelve inches long be nearly filled 
. with water and placed in an in- 
clined position, so that the heal 
of a spirit-lamp can be applied 
near the centre, the water In 
the upper part of the tube may 
be made to boll, while the lower 
portion will remain perfectly 
cold. If, before applying the 

beat, a piece of ice be confined to the bottom, it will remain 
uomelted while the water above is boiling. Mercury, thongti 
liquid, is a very good conductor of heat. 

65. How may the poor oonduciing power of Water be shown ? 

66. How by the uae of a long tube 1 
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87. The gases are even poorer conductors than liquids; 
and il ia for this reason that very hot or very cold air can 
be endured in contact with a person, though exposure to a 
liquid of the same temperature would produce inlense pain, 
or perhaps even worse eflecta. Double windows, as at Ken- 
sington Palace, Eagland, and double doors, with air between 
them, are sometimes used to insure the grenter warmth of 
dwellings. . < 

68. Convection of Heat. — Though fluids are poor con- 
ductors of heat, yet, if the heat be applied lo the bottom of 
the vessel containing them, in consequence of the mobility 
of their particles, it is rapidly diffused through the whole 
mass. The heated portions are expanded, and becoming, in 
consequence, specifically lighter than the rest, they rise 
through the centre of the vessel, the colder portions around 
the sides at the same time descending to take their place. 
Thus an upward and a down- 
ward current will be at the same 
time established, wliich will con- 
tiuue until the whole is heated 
to the boiling point This mode 
of distribution is called the con- 
vection of heat. 

These currents may readily 
be shown by filling a flask with 
water containing some insoluble 
powder, as pulverized gum copal, 
and applying the heat of a small 
lamp, as represented in the figure. 

When large quantities of water 
are slowly heated, the upper por- 

67. What is BBiil of Ilie conducting power of gosesl 

68. In what mode is heal dislrihutecl through liquidaJ How 
may ibe ourreuls proiiucsd he shown? 
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tions will frequently be found quite warm, while that in the 
lower part of the vessel will remain comparatively cold; 
and this though the fire is applied beneath. Hence it is not 
unfrequent, in bathing establishments, to draw both warm 
and cold water from the same reservoir. 

69. Similar currents are produced in gases when heated ; 
and it is on this account that* the heated air, with the smoke 
and other gases from a fire, ascend in a chimney, or the pipe 
from a stove. 

70. Radiation of Heat — A hot body suspended in the 
air emits heat in all directions in right lihes, like radii drawn 
from the centre to the surface of a sphere, ^his mode of 
distribution is termed the radiation of heat. 

71. A heated body, as a cannon-ball, suspended in the 
air, will cool, or have its temperature reduced to an equality 
with that of the surrounding bodies, in three modes! — 1. 
By the conducting power of the air ; 2. By convection ; and, 
3. By radiation. 

72. The radiation of heat from hot bodies is singularly 
influenced by the nature and condition of their surfaces, 
which is perhaps the most important circumstance connected 
with the subject: It is probable that every substance in 
nature has a radiating power peculiar to itself, but, in any 
case, very much will depend upon the nature of the surface 
of the body. By many experiments, it has been proved that 
bodies with bright polished surfaces retain their heat much 
longer than when their surfaces are rough and unpolished. 
Adding even a thin coat of whiting or lampblack to a bright 
tin vessel greatly increases the radiating power of its surface, 

70. What is said of a heated body suspended in the air ? . 

71. In what three modes will its temperature be reduced^ 

72. What is said of the surfaces of bodies, as affecting their 
power of radiating heat? What kind of surfaces radiate best? 
How will a coating of lampblack or whiting affect the radiating 
power of a body? 
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SO that boiling water or other hot liquid contained in it will 
be cooled more rapidly in consequence. The same effect 
will be produced by scratching its surface with coarse sand- 
paper. So if a piece of fine linen or cotton cloth be wrapped 
around a bright metallic vessel filled with boiling water, 
contrary to what we might expect, its contents will be cooled 
by standing in the open air more rapidly than if it had been 
left entirely naked. 

73. Some important practical considerations will naturally 
suggest themselves in connection with this subject. When- 
ever it is desired that the heat of a fluid or other substance 
should be retained, vessels with bright and polished metallic 
surfaces should be used, but the reverse if the heat is to be 
distributed. Thus tea and coffee pots are usually made of 
some bright metal, while stoves and stove-pipes, for the dif- 
fusion of heat, are made with dark and rough surfaces. Pipes 
to convey steam from the boilers in steam-engines to the 
cylinders, and pipes to convey heated air from furnaces to 
the different apartments of a building, should be bright, or 
else they should be protected by some non-conducting co- 
vering. 

74. Reflection of Heat. — That heat may be reflected may 
be shown by standing at the side of a fire in such a position 
that the heat cannot reach the face directly, and then placing 
a plate of tinned iron opposite the grate, and at such an in- 
clination as permits the observer to see in it the reflection 
of the fire ; as soon as it is brought to this inclination, a 
distinct impression of heat will be produced upon the face. 

If a line be drawn from a radiating substance to the point 
of a plane surface by which its rays are reflected, and a 

73. What practical considerations are mentioned as resulting 
from these principles ? 

74. How may the reflection of heat be shown 1 Describe the 
angles of incidence and reflection. 
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second line from that point to the spot where its heating 
power is exerted, the angles which these lines form with a 
line perpendicular to the reflecting plane are called the angles 
of incidence and reflection^ and are invariably equal to each 
other. 

Thus, let AB (see figure) be the 
^^ reflecting surface, and R a ray of 
heat, which strikes this surface at 
D, in the direction RD ; it will be 
thrown off or reflected in the direc- 
tion DI. If a perpendicular PD be 
erected at the point D, the angle 
RDP will be the angle of incidence, and IDF the angle of 
reflection. 

These principles, , which have just been developed con- 
cerning heat, apply as well to the invisible rays emitted from 
a moderately heated substance, as to those accompanied by 
light from an incandescent body, or the rays of the sun. 

75. The absorption of heat by bodies sustains an intimate 
relation both to its radiation and reflection. Bright and 
polished surfaces, it is well known, are the best reflectors ; 
and these are just the ones, we have seen (73), which radiate 
least. And rough, unpolished surfaces, which radiate heat 
best, are found to be the best absorbers. 

Surfaces may therefore be divided into two classes, those 
which afford an easy passage to heat, and those which do 
not. The former will be good radiators and absorbers, and 
the latter good reflectors and retainers. 

Both the radiation and the reflection of heat are well 
shown by placing a heated cannon-ball in the focus of a 

75. What bodies absorb heat best? Into what two classes may 
surfaces be divided, in reference to their power of transmitting 
heat? Describe the experiment with the parabolic reflectors. 
What will be tlie effect if a lump of ice be substituted for the 
heated ball ? 
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concave reflector, having another similar reiSector facing it 
at a distance, in the focus of virhich is placed one of the 





bulbs of a diflerential thermometer. The rays from the ball 
C are reflected in parallel lines from the reflector A (see 
figure), and are again concentrated on the thermometer D, 
by reflection from the second concave mirror B. 

If a piece of phosphorus be substituted for the thermome- 
ter at D, it may often be inflamed, even when the reflectors 
are 10 or 20 feet distant from each other. 

If a lump of ice is made use of, instead of the heated ball, 
the thermometer in the focus of the other reflector will fall ; 
in which case the bulb of the thermometer is the radiating 
body, and its heat is received by the ice. 

76. Transmission of Heat — When a ray of heat impinges 
upon a body, it is plain that it must be disposed of in one 
of three modes : — 1. It may rebound from its surface, or be 
reflected ; 2. It may be received into the substance of the 
body, or be absorbed ; or, 3. It must pass directly through 
it, or be transmitted, 

11. In general, transparent substances aflord the most 
ready transmission of heat, but there is a great diflierence 
among them in this respect. Even atmospheric air transmits 



76. When a ray of heat impinges upon a body, in what three 
ways may it be disposed of? 

77. Does the atmosphere affect the free passage of heat ? De- 
scribe the experiment. What ate diathermanous bodies ? 
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heat but imperfectly. This is shown conclusively by an 
experiment o{ Dary, He contrived to 
heal a platinum wire by means of gal- 
vanism, within a receiver containing two 
concave reflectors, with a thermometer 
in the focus of one of them, the heated 
.wire being in the focus of the other. 
Now, when the air was exhausted to 
yjjth pait of its ordinary density, the 
thermometer, it was found, would be 
raised, by means of the ignited wire, 
three limes as high as wheti the air in 
the receiver was at its natural pressure. 
■ Bodies that transmit heat freely are 
said to be diathertnaTwus (from the two Greek words, dia, 
through, and thermos, heal), as those which afford a free 
passage to light are said to he iroTisparent. 

7B. By experiments made with a very delicate piece of 
apparatus, called the Ihermo-mttlliplier, it has been shown 
that the most diathermanous substance known is rock-salt, 
in pure transparent crystals. Of different specimens of glass, 
Boine are mucli more diaibermanous than others, though all 
are equally transparent ; and some colored glasses, and other 
bodies only partially transparent, afford a ready passage to 
heat, or are highly diathermanous. 

79. It appears also that there are diflerent kinds of heat, 
some kinds having the power of passiug through diatherma- 
nous bodies more freely than others. In this respect, heat 
from an oil-lamp will differ from that of a spirit-lamp, though 
both are equally intense ; and the heat of both will differ 
from that of heated metal. 

7S. What is said nf rock-salt ia this connection? Ate iranspa- 
rent bodies always diaibarmanous ? 
79. Is all heat of ttie same kinit ? 



. 
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80. The rays of heat from the sun possess this power fn 
a greater degree than any kind of artificial heat Thus, a 
pane of window-glass, held between the face and a ccfal-fire, 
is found at once to intercept most of the heat ; but no such 
effect is produced by holding it before the face when exposed 
to the direct solar ray. 

The rays of heat, like those of light, may be refracted ; 
and some of them being more refrangible than others, like 
the different colors of light, they may be separated from each 
other by means of the prism. — See Decomposition of LigJU, 



RELATION OF HEAT TO CHANGES IN THE 

STATE OF BODIE S. 

81. We have seen above (12), that, omitting the impon- 
derable agents, which are not known to be material, every 
substance must be in one of the three forms or states,' solid, 
liquid, or gaseous i and that the particular form a body as- 
sumes will depend upon the relative intensity of the cohesive 
and repulsive forces existing among its particles. 

If the repulsive force be comparatively feeble, the particles 
will adhere so firmly together, that they cannot move freely 
upon one another, thus constituting a solid (14). If cohe- 
sion is so far counteracted by repulsion that the particles 
move on each other freely, a liquid is formed (15); and, 
should the cohesive attraction be entirely overcome, so that 
the particles not only move freely on each other, but would, 
unless restrained by external pressure, separate from one 

80. What is said of the power of the san's heat to pass through 
diathermanous bodies? 

81. What three fbrtns of matter are there? Upon what will the 
particular form or state a body assumes depend ? When will a 
substance be solid ? When liquid ? When gaseous ? 

4 
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another to an indefinite extent, an aeriform substance will 
be produced (16). 

82. Now, the property of repulsion is manifestly owing 
to heat ; and as it is easy, within certain limits, to increase 
or diminish the quantity of this principle in any substance, 
it follows that the forms of bodies may be made to vary at 
pleasure : that is, by heat sufficiently intense, every solid 
may be converted into a liquid, and every liquid into vapor. 
The converse ought also to be true ; and, accordingly, seve- 
ral of the gases have already been condensed into liquids by 
means of pressure, and the liquids have been solidified by 
cold. The temperature at which liquefaction takes place is 
called the melting pointy or point of fusion; and that at 
which liquids solidify, their freezing pointy or point of con- 
gelation. Both these points are different for different sub- 
stances, but usually the same, under similar circumstances^ 
in the same body. 

83. Liquefaction, — By the liquefaction of a substance, 
we mean its reduction from either the solid or gaseous to 
the liquid state ; but generally the former change is intended. 

If, when the temperature of the air is at zero, as is often 
the case in some parts of our country, a quantity of ice be 
brought into a room, and placed near a fire, it will be gradu- 
ally heated, like any other solid, as a thermometer placed in 
it will indicate, until the temperature reaches 32° ; but it 
will stand at this point until the whole is melted. The ther- 
mometer will then begin again to rise, as it did before. Now, 
it is plain that it must have been receiving heat as rapidly 

82. Upon what does the repulsive force depend? How may 
the form of many bodies be changed at pleasure ? What is meant 
by the melting point? Freezing point? 

83. What is meant by the liquefaction of a substance ? Describe 
what will take place if a piece of ice be. brought into* a warm room 
from the open air, when the temperature is at zero. When is heat 
said to be latent ? 
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while the thermometer was stationary, as before and after- 
wards ; but the heat thus communicated did not affect the 
thermometer, because it was all absorbed by the ice, and 
was expended in changing the ice into water. It has there- 
fore become insensible to the thermometer ; and if heat were 
known to be material, we might perhaps, with some propri- 
ety, consider water as a compound of the solid, ice, and heat. 
Heat in this state is designated as latent heal, 

84. The quantity of heat which is thus lost, or becomes 
insensible, during the melting of a mass of ice, is sufficient 
to raise the temperature of an equal weight of water about 
140 degrees, as may be shown in the following manner : — 
Let a pound of water at 32° be mixed with a pound of water 
at 172°, and the temperature of the mixture will be interme- 
diate between them, or 102°. But if a pound of water at 
172° be added to a pound of ice at 32°, the ice will quickly 
dissolve, and on placing a thermometer in the mixture, it 
will be found to stand, not at 102°, but at 32°. In this ex- 
periment, the pound of hot water, which was originally at 
172°, actually loses 1 40° of heat, all of which enters into 
the ice, and causes its liquefaction, without affecting its tem- 
perature. 

The heat thus required for the liquefaction of solids is 
oflen called their heat of fluidity ; and the quantity necessary 
for the purpose is not the same in any two substances. 
While the heat of fluidity of water is, as we have just seen, 
140°, that of spermaceti is 145°, that of lead 162°, that of 
tin SOO'', and that of bismuth 550°. That is, to melt any 
given weight of one of these substances, an amount of heat 
is required that would heat the same weight of the substance 

84. How many degrees of heat become latent when ice is melt- 
ed? How is this shown? What is meant by heat of fluidity? Is 
the heat of fluidity the same in all substances ? 
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the number of degrees indicated, provided no change of state 
should take place during the process. 

5. The melting paint of nearly all substances is the same 
as their freezing point ; but this point varies greatly in dif- 
ferent substances. Thus, solid mercury melts (and liquid 
mercury freezes) at — 39° ; ice at 32° ; spermaceti at 132°; 
sulphur at 226° ; tin at 442° ; lead at 612° ; zinc at 773° ; 
silver at 1873°, and gold at 2016°. 

86. Freezing mixtures are made of various salts and li- 
quids, which have such an affinity for each other, that rapid 
liquefaction is produced, without the direct application of 
heat. But as this agent is always required when this change 
takes place, it must be absorbed from surrounding objects, 
which therefore losis their heat, or become cold. A good 
mixture of this kind is made of snow, or finely broken ice, 
and common salt, both of which, when mixed together, be- 
come rapidly liquid ; and the process is attended with great 
cold, so that a thermometer immersed in it will fall to zero, 
or below. Of course, if a vessel of water be immersed in it, 
the water will in a short time be frozen. 

Saltpetre, dissolved in cold spring water, will often reduce 
the temperature to 32°, or lower, so that water may be frozen 
by it ; but the greatest cold is produced in this mode by 
mixtures of certain of the salts and acids. Directions for 
making them will be found in more extended works. 

The greatest cold yet produced by means of freezing mix- 
tures, is something less than 100 degrees below zero ; but 
by means of solid carbonic acid, to be hereafler described, a 

85. Is the melting point the same in different substances ? What 
is the melting point of mercury 1 Sulphur ? Lead 1 Gold 1 

86. What are freezing mixtures? Is heat always required when 
solids are converted into liquids ? What substances are mentioned 
as forming a good freezing mixture? What is the greatest cold 
produced by freezing mixtures ? Is it possible to deprive bodies 
entirely of heat ? 
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temperature has been attained as low as — 175^ Nothing, 
however, seems as vet to be determined concerning the ab* 
solute zero ; nor is it supposed to be possible to deprive a 
body entirely of its heat. 

87. Since solids, on becoming liquid, absorb heat, as we 
have seen, it necessarily follows, that when liquids become 
solid, heat must be given out. The freezing point of water 
is usually said to be 32° ; but if it be contained in a close 
vessel^ and cooled very slowly without agitation, its tempe- 
rature may be reduced, without freezing, to 20°, or lower. 
Slight agitation will now cause it to freeze suddenly, and the 
temperature will rise at once to 32°, the ordinary freezing 
point. The portion that has frozen, therefore, has given out 
sufficient heat to raise the temperature of the whole mass 
some 12 degrees. Saturated solutions of several of the salts, 
made at elevated temperatures, upon being slowly cooled, 
exhibit the same phenomenon. 

A beautiful experiment may be performed by dissolving 
two or three parts of Glauber's salt in one part of hot water, 
and setting it aside in a closely corked phial till it cools. If 
now the cork is removed, or the vessel violently agitated, 
the salt will immediately crystalize^ and a thermometer 
placed in it will rise several degrees. 

We cannot but notice here the beautiful and unexpected 
inanner by which nature, to some extent at least, checks the 
cold of winter, which might otherwise be destructive. The 
cold atmosphere causes large quantities of water to congeal, 
but at the same time heat is given out, which prevents so 
great a reduction of temperature as might, but for this cir- 
cumstance, be experienced. 

The peculiar mode provided by the Creator to check the 

87. How is it shown that water in freezing gives out heat? 
Describe the experiment with Glauber's salt. 
4* 
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heat of summer, which might otherwise become excessive, 
will be noticed hereafter. 

88. Vaporization, — By this term is meant the conversion 

of liquids or solids into gases. 

Aeriform bodies are often divided into vapors and gases, 
according to the relative force with which they resist con- 
densation ; but the distinction is of little consequence. 

Heat is always jrequired to convert a solid or liquid into a 
gas ; usually, it is communicated directly, as when water is 
made to boil oyer a fire, but if not applied directly, it will 
always be .absorbed from surrounding bodies. 

In most cases, when heat is applied to solids, they first 
melt, or become liquid, and afterwards, by a continuance of 
the heat, are converted into vapor ; but some, as metallic 
arsenic, and certain salts, pass at once, when heated, from 
the solid to the gaseous state. 

89. Gases occupy considerably more space than the li- 
quids from which they are formed. Water, when converted 
into steam, expands about 1700 times, so that a cubic inch 
of water forms nearly a cubic foot of steam ; but most liquids 
expand much less than this. Alcohol, for instance, is ex- 
panded, when converted into vapor, only 659 times its ori- 
ginal volume, and sulphuric ether 443 times. 

Volatile substances are such as are readily converted into 
vapor by heat or at ordinary temperatures, while those that 
are incapable of this change are often called Jlxed substances. 

88. What is meant by vaporization ? How are aeriform bodies 
sometimes divided? Is heat always required when a solid or 
liquid is converted into vapor? Bo solids always melt before 
being converted into vapor, when heat is applied ? 

89. Do gases always occupy more space than the solids or li- 
quids from which they are formed? How many times does water 
e;cpand when it is converted into steam ? When are substances 
said to be volatile ? 
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90. When a liquid in an open vessel is exposed to any 
source of heat, the temperature gradually rises, like that of 
any other substance in similar circumstances, until a certain 
point is attained, when a violent motion commences in it, 
called ebullition, or boiling; and no heat can then cause -any 
further increase of temperature. If the heat be continued, 
the quantity of liquid gradually diminishes, or, as we fami- 
liarly say, is boiled away, until the whole is gone. The 
commotion in the liquid is occasioned by portions of it at 
the bottom, where the heat is applied, being converted into 
vapor, and rising in bubbles to the surface. 

Ordinarily it will be found that water boils at 212°, which 
is therefore called its boiling point; but the temperature at 
which other liquids boil is not necessarily the same, every 
liquid having a boiling point peculiar to itself. Thus, the 
boiling point of alcohol is only 173°, and that of sulphuric 
ether 96°, while that of sulphuric acid is 620°, and that of 
mercury 662°. 

91. But the boiling point of a liquid is not by any means 
to be considered as perfectly constant ; it depends upon se- 
veral circumstances, the most important of which is the 
pressure of the atmosphere upon the surface of the liquid. 
By heating a small vessel of water to 180° or 200°, and 
placing it under the receiver of an air-pump, it begins to boil 
when the air is very moderately exhausted. So, on ascend- 
ing a mountain, by which a part of the atmospheric pressure 
is avoided, the boiling point falls in proportion to the ascent. 



9(). What are the circumstances that take place when a liquid 
is exposed to heat? What occasions the commotion which is seen 
in a liquid when it is boiling 1 At what temperature does water 
usually boil? What is the boiling point of alcohol? Sulphuric 
ether? Mercury? 

91. Is the boiling point of a liquid constant? What is the most 
important circumstance upon which the boiling point of a liquid 
depends? How is this shown in the case of water ? What is tho 
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At the hospital of St. Bemarcl, situated upon a point on the 
Alps, about 8400 feet above the sea, water boils at 196°. 

This is just as we should expect, for the expansion of the 
vapor has to take plaee directly against the pressure of the 
atmosphere on the surface of the liquid ; and the degree of 
heat necessary to produce the expansion will be to some 
extent proportional to the expansive force required. 

The pressure of the atmosphere at the surface of the ses^ 
is usually about 15 pounds to each square inch, but it is sub- 
ject to some variation ; and the boiling point of any liquid 
will of course vary at the same time with the atmospheric 
pressure. 

In a perfect vacuum, water boils at 72°y. and sulphuric 
ether at — i6°, or about 140 degrees lower than in the 
open air. 

As might be expected, sulphuric ether may 
easily be made to boil under an exhausted 
receiver, without heat, even in the coldest 
weather. For this purpose let a little good 
ether, in a wine-glass, be placed under an air- 
pump receiver, as represented in the figure ; 
upon working the pump, it will boil violently. 
The experiment will usually succeed best if 
some small pieces of metal are dropped into 
the ether, before placing it under the receiver. 
92. If water or other liquids boil at a lower temperature 
by diminishing the pressure upon the surface, so a higher 
temperature is required for this purpose when the pressure 
is increased, as in a steam boiler.' Water cannot be heated 

boiling point of water at the hospital of St Bernard, on the Alps ? 
What is the ordinary pressure of the atmosphere, at the surface of 
the sea, upon each square inch of surface ? At what temperature 
does water boil in a vacuum ? How may ether be made to boil 
without heat ? 

92. How does increased pressure affect the boiling point of li- 
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above 212° in the open air, because any additional heat is 
expended in converting a portion of it into steam, which at 
once makes its escape into the air ; but if it be confined in 
a strong vessel, it may be heated to 
any temperature, even to redness. 

The rise of the boihng point un- 
der increasing pressure is wed illus- 
trated and proved by Marcet's steam 
apparatus, which is represented in 
the accompanying figure. A is a 
hollow brass globe, supported on a 
stand, and in it is contained a Ijttle 
mercury, and a small quantity of 
water. Through an air-tight collar, 
a graduated glass tube, G, is insert- 
ed, so as to reach very nearly to 
the bottom, both ends of it being 
open. B is a thermometer, having 
its bulb in the water or mercury. 
Now, by applying a lamp the water 
is heatedj and when the temperature 
has risen to 212°, the steam will 
begin to issue freely through the 
faucet, F ; but, by closing the faucet, 
ihe escape of the steam will be pre- 
vented, and the temperature will 
rise ; the mercury at the same time 
by the pressure of the steam within, 
being forced up the tube C, and the 
height to which it rises showing the exact amount of the 
pressure. — See the author's JS*aiural Philosophy^ p. 115. 

By this means it has been determined that, at a heat of 

quids? Why cannot water be heated above 212° in the open air? 
Describe Maxcet's steam apparatus. At what temperature would 
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250^, the tension of steam, thus confined in a boiler, is equal 
to two atmospheres, or 30 pounds to the square inch ; at 
275° its tension is equal to three atmospheres; and four 
atmospheres, or 60 pounds to the square inch, at 294^^. 

The expansive force of steam confined in this manner is 
the propelling power in the steam engine; for a description 
of which, see the author's wo|^, above cited, p. 142. 

Other circumstances which affect the boiling point of a 
liquid/ are the nature of the vessel containing it, and the 
presence in it of any substance in solution. , Water boils in 
metallic vessels at 212°, but in vessels of glass or porcelain, 
at about 214°. So, also, when even a small quantity of any 
salt is dissolved in it, the boiling point is sensibly raised. 

93. But it is not only when a liquid is heated, and made 
to boil, that it is changed into vapor ; this change, in most, 
and probably in all liquids, and many solids, is ever taking 
place, whatever may be their temperature, when they are 
Contained in open vessels. This slow formation of vapor is 
termed evaporation. It is seen in the drying of clothes, 
when wet with water or alcohol, and in the gradual diminu- 
tion of a quantity of either of these liquids, when left in an 
open vessel for a time. 

Evaporation is much more rapid in some liquids than in 
others ; and it is always found that those which have the 
lowest boiling point j evaporate with the greatest rapidity. 
Thus, alcohol, whicn boils at a lower temperature than 
water, evaporates also more freely; and ether, whose point 
of ebullition is yet lower than that of alcohol, evaporates 
with still greater rapidity. 

The chief circumstances that influence the process of 

water boil under a pressure of two atmospheres? What other 
circumstances affect the boiling point of liquids'? 

93. What is evaporation? What liquids evaporate with the 
greatest rapidity? What are the chief circumstances that influence 
evaporation ? 
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evapoTation,|are extent of surface, and the state of the air as 
to temperature, dryness, stillness, and densityA 

94. During the slow evaporation of water, or other liquids, 
as well as when they are evaporated by boiling, /a large 
amount of heat is absorbed,) and becomes latent in the steam 
produced. It is on this ac(iount that ether, alcohol, or even 
water, though at the sa#e temperature as the air, always 
feels cold when a little is dropped upon the hand. The 
natural heat of the hand is absorbed and carried ofi* in the 
vapor that is formed. 

The evaporation of good sulphuric ether may easily be 
made to freeze water, even in the warmest weather. For 
this purpose let a very small glass vial, covered with muslin, 
be filled with water, and suspended by the neck from some 
convenient support ; then drop slowly upon the muslin good 
sulphuric ether, from the mouth of a vial. In a few minutes, 
ice will begin to form ; and if the operation be continued, 
the whole of the water will be frozen, perhaps breaking the 
vial containing it. 

So, if a small vial of water be placed in a vessel of ether, 
which is made to boil under an exhausted receiver (91), it 
will in a short time be frozen by the cold produced by the 
evaporation of the ether. Indeed, a small drop of water may 
be frozen under the receiver of an air-pump by its own eva- 
poration. Let a siiigle drop of water, on a piece of charred 
cork, hollowed a little on its upper surface, be placed under 
the air-pump receiver, and by working the pump a few sec- 
onds, it will be frozen by the rapid evaporation which takes 
place from its surface. The burnt cork* capsule is preferable 
to one of glass or metal, since, as the water does not adhere 
to its surface, not so much heat is received from it. 

94. Is heat absorbed during the slow evaporation of liquids? 
How is this shown ? How noay water be frozen by the evapora- 
tion of ether 1 How may a small drop of water be frozen by its 
own evaporation? 
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95. By various methods, it has been very well determined 
that about 1000^ of heat are absorbed by water as it becomes 
vapor ; that is, heat enough to raise the temperature of an 
equal quantity of water 1000°, if it were possible to confine 
it. The amount of latent heat in each vapor is peculiar to 
itself, that of vapor of water being, as we have seen, 1000°, 
while that of vapor of alcohol is ^2°, that of vapor of ether 
302°, and of oil of turpentine 178°. 

The heat which is absorbed when water or other liquid is 
converted into vapor,, will,*, as a matter of course, be given 
out again when this vapor is condensed into the liquid form. 
On this principle, steam is often used for warming buildings, 
being conveyed in pipes through the difierent apartments. 
As it passes along the pipes, it is condensed, giving out its 
heat ; and the water that is formed runs back again into the 
boiler. 

96. The process of distillation consists simply in evapo- 
rating a substance, and again condensing the vapor, by caus- 
ing it to come in contact with a cold surface. This is usu- 
ally accomplished by having a tube of considerable length, 
leading from the top of a close boiler, and passing in the 
form of a spiral through a vessel which is keot filled with 
cold water. 

In the laboratory, the apparatus figured at the top of the 
opposite page, answers well for distilling small quantities of 
any liquid. A retort, R, contains the liquid to be distilled, 
and the vapor is received into a fiask, F, the mouth of 

" ■ ' m ' ■ ■ 

95. How many de'grees of heat are absorbed when water is 
converted into vapor ? What is the amount of latent heat in vapor 
of alcohol 1 Will the latent heat of vapor be given out when it is 
condensed to the liquid state? How is steam used to warm 
buildings? 

96. In what does the process of distillation consist? Explain 
why it is that alcohol is separated from water by the process of 
distillation. 
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which is slipped on 
the neck of ihe retorl, 
but the joint not made 
perfectly air-light. — 
The tlask should be 
kept cold by being 
immersed in cold wa- 
ter, or by having a 
small stream of water 
conetanily falling up- 
on it from a vpssel 
Bbove. By this pro- 
cess, volatile sub- 
stances,, whether li- 
quid or solid, may be separated from those that are fixed, or 
even from such as are less volatile than themselves. Water 
is distilled'to purify it from sails or other subsiances il may 
coniain in solution or suspension ; and aleohoji by distilla- 
tion, is separated from water, which is less volatile than it- 
self, as well as from lixed substances. 

The application of this process to solids 
is usually termed their^ilimorion.^ 

97, We have seen above (91) the eflecls 
of diminishing or removing the atmosphe- 
ric pressure in promoting ebullition, and 
we are now prepared to understand another 
ingenious method of accomplishing; (his 
object. Let a flask, with a cork well fitted 
to its mouth, be partly filled with water, 
and made lo boil briskly by means of a 
spirit-lamp ; then suddenly insert the cork 
and remove tl'.e lamp : the water will con- 
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tinue to boil, and by immersing it in cold water, as shown 
in the figure, the boiling will become violent. The same 
effect will be produced by inverting the flask and applying 
snow or even cold water to the bottom. But if the flask be 
held again a moment over the lamp, the boiling will instantly 
cease. The reason of this is, because the upper part of the 
flask, when the cork is inserted, is filled with steam, which 
is condensed by the application of cold to the outside, and 
a vacuum produced. The warm water within then boils, as 
in a vacuum produced by any other means; but if heat be 
applied, steam will be again formed, and fill the tipper part 
of 'the flask, and, by its pressure upon the surface of the 
water, prevent further boiling. 
98. The cryophorus^ or frost-bearer (from the two Greek 

words, cruos^ frost, and phero^ I bear){ is 
an instrument for freezing water by its own 
evaporation^ which beautifully illustrates 
some of the foregoing principles. It con- 
sists of a tube, half an inch or more in dia« 
meter, with a bulb blown at each end, one 
of them having a small aperture. A, by 
which a small quantity of water is intro- 
duced, sufficient only partly to fill one of 
the bulbs. This water is first all collected 
in the lower bulb, and the heat of a lamp 
applied, so as to cause it to boil briskly ; 
and while the interior is filled with steam, 
the aperture at A is quickly sealed herme^ 
tically, and the lamp removed. When it has become cold, 
the water is passed to the upper bulb, as represented in the 
figure, and the instrument supported on a stand, with the 
lower bulb in a large tumbler. All the interior is now filled 




98. Describe the cryophorus. How is the water in it frozen 1 
Describe the pulse-glass. 
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with vapor of water, except a part of the upper bulb, but no 
evaporation of the water can take place, because of the pre- 
sence of this vapor. But by removing the vapor, which is 
accomplished by surrounding the lower bulb with a freezing 
mixture of salt and snow, to condense it rapidly, evaporation 
of the water is produced, attended with cold sufficient to 
freeze the most of it, even in the warmest weather. 

The pulse-glass^ as it is called, 
is a very similar instrument, and 
is made in the same manner, 
except that ether is used in it, 
instead of water. By grasping one of the bulbs firmly in thtf 
hand, the vapor, by its expansion, will immediately force all 
the liquid into the other ; and the moment it has all passed 
through the stem, an appearance of violent ebullition is pro- 
duced, attended by a distinct sensation of cold in the hand 
which grasps the bulb. This is occasioned by the rapid 
evaporation of the film of liquid lining the inside of the bulb. 

09. The effect of evaporation in withdrawing heat is ad- 
mirably illustrated by the process of perspiration. The na- 
tural temperature of the human body is about 98°, but when 
we take active exercise, or when we are exposed to a great 
degree of heat, there is a tendency to a rise of temperature 
above that which is conducive to health ; and the most in- 
jurious effects would ensue, if they were not prevented by 
the rapid evaporation which takes place from all parts of the 
surface of the system. 

Examples of the power of the human body to sustain 
great and apparently even dangerous elevations of tempera- 
ture, are on record. It is well known that individuals have 
voluntarily exposed themselves for several minutes, in ovens, 
to temperatures even a hundred degrees above that of boiling 

99. How does perspiration prevent the too great rise of tempera- 
ture in the system in warm weather, or during active exercise ? 
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water, without suffering any injury. The very rapid perspi- 
ration that takes place in such circumstances, prevents the 
destructive elevation of temperature in the system which 
would otherwise take place. 

In the same manner the high temperature of summer rs 
mitigated by the evaporation of water from the surface of the 
earth. 

We have seen above (87) that heat given out by the freez- 
ing of water in winter, prevents the low reduction of tempe- 
rature that would otherwise be experienced'; and we cannot 
here less admire the wonderful provision of Providence, by 
which, on the other hand, the excessive heat of summer is, 
to some extent, limited. 

Porous earthen vessels are often used in hotels and other 
places, in warm weather, to contain water for drinking. A 
portion of the water gradually exudes through the vessels, 
and evaporates from the surface, by which that within is 
kept several degrees colder than the temperature of the atmo- 
sphere. Such vessels are said to be much used in Spain, 
where they are called alcarrazas. People crossing the de- 
serts of Arabia in caravans, are said sometimes to load camels * 
with earthenware bottles filled with water, which is kept 
cool by wrapping the jars with linen cloths, and keeping 
them moist with water. 

100. Dew is a deposite of moisture from the atmosphere 
upon a cold surface in contact with it. If, in the summer, 
a vessel is left but a few minutes filled with ice-water, or 
even cold spring- water, dew soon collects upon it, and after 
a time, the water thus condensed trickles down the surface 
in drops. A surface upon which dew is seen to form will 

What means has nature provided to mitigate the excessive heat 
of summer? Why are porous vessels sometimes used for contain- 
ing drinking water ? 

100. What is dew? Why does dew form on the outside of 
vessels containing cold water? What is meant by the dew-point? 
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always be found colder than the surrounding air ; and the 
particular temperature at which it begins to form is called 
the dew-point. When the air is very dry, this point will 
always be considerably below the temperature of the air ; 
but when there is much moisture present this will not be 
the case. 

In fair weather, during the summer season, there is usu- 
ally seen, in the morning, a copious deposite of dew upon 
the leaves of plants, and upon other substances exposed to 
the open air. This is occasioned by the radiation of heat 
from bodies at the surface of the earth, which takes place 
rapidly during the night, cooling them down considerably 
below the temperature of the air. Substances, therefore, 
which radiate slowly (72), as polished metallic surfaces, 
seldom have any dew upon them, while good radiating sur- 
faces near them will be abundantly covered with it. 

In cloudy weather (without rain), there is generally little 
dew^' because the heat radiated from the earth is reflected 
back by the clouds pand by suspending even a small hand- 
kerchief by the four corners, a few inches from the earth, 
the deposition of dew on substances under it is for the same 
reason, prevented. 

In some warm countries, water is said to be frozen during 
the night by the rapid radiation which takes place from its 
surface. , The water for this purpose is poured into shallow 
pans, so situated as to receive as little heat as possible from 
the earth. 

101. Hygrometers, of which there are several, aire instru- 

By what means do the surface of the earth, and of bodies upon it, 
become so cooled during the night in summer, as to receive a de- 
posite of dew ? What substances are most likely to be coated with 
dew, when exposed to the air during the night in summer? Why 
in cloudy weather is there little or no dew ? How is water frozen 
in some warm countries ? 

101. What are hygrometers ? Describe Daniel's hygron;ieter. 
§* 
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ments for determining the relative quantities of moisture in 
the air, at different times or in different places. ! Daniel's 

hygrometer, which is prefer re3 before all 
others, is represented in the drawing in 
the margin. It consists of a tube, A^ 
with a bulb at each end, and is formed 
in the same manner as the cryophorus 
(98), except that it contains ether instead 
of water. The tubfr is supported by a 
stand ; and the lower bulb, which is usu- 
ally made of colored glass, is about half- 
filled with the ether, having in it the bulb 
of a very delicate thermometer, with its 
stem extending Upward in the tube. The 
other bulb is empty, or containing only 
the vapor of ether, and is covered with 
muslin. To the stand B is attached a small thermometer, 
to indicate the temperature of the air. By pouring a little 
€ther upon the muslin, the bulb is cooled, and the vapor of 
ether within condensed, and a rapid evaporation of the ether 
in the other bulb produced, as in the cryopho us. This 
occasions a cooling of the colored bulb, and a deposition of 
dew upon its surface, the small thermometer within showing 
the exact temperature at which the process commences, 
which is taken as the dew-point. Properly, however, it is 
the difference between the temperature thus obtained, and 
the temperature of the air, which shows the real state of the 
air as to moisture. 

102. Watery vapor, when it rises in the atmosphere, is 
perfectly invisible; but in certain circumstances, which do 
not seem to be well understood, it becomes visible, consti- 
tuting mists and clouds, which are constantly seen floating 



102. What are clouds? What is rain? 
water that falls in rain and snow ? 



Whence comes the 
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in the air. This qioisture, after remaining a while suspended 
in the air, is again condensed, and descends to the earth in 
the form of rain. Rain, it is well known, never falls unless 
the sky is cloudy, nor unless that peculiar kind of dense 
black cloud appear, known by the name of rain-clcmd ; but 
the manner in which rain is formed, though difierent theories 
have been proposed to account for it, must yet be considered 
as involved in obscurity^ * 

All the water upon the surface of the earth is in this man* 
ner subjected to a constant natural distillation ; pure water, 
in the form of vapor, rises in the air from the leaves of 
plants, from the earth, and from the surface of the ocean, 
rivers, and lakes, to be again disused, in rain and snow, over 
the earth, producing everywhere vigor and life, both in the 
vegetable and animal world. 

103. Constitution of the Gases in respect to Heat. — ^The 

gases, or many of them, are capable of being reduced to the 

liquid state by the combined influence of cold and pressure, 

which seems to justify the opinion that they are all merely 

(^ the vapors of extremely volatile liquids, y 

In order to liquefy a 
gas, the materials to form 
•^ it may be put in a. tube 
of glass, bent as in the 
figure, and kept separate, if necessary, until the tube is her- 
metically sealed ; they are then brought together by revers- 
ing the position of the tube, and the gas is liberated by the 
chemical action which ensues. The pressure increases until 
a certain point is attained, depending upon the temperature 
and the nature of the gas, when it begins to collect in the 
liquid form. Heat may be applied, if necessary, to the end 

103. What may we cODsider the gases? Describe the usual 
method of liquefying a gas. Are all the gases liquefied by the 
eame compressing force ? 
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of the tube containing the materials, or a freezing mixture ta 
the other, to condense the gas. 

Different gases require very different forces to compress 
them into liquids ; thus, sulphurous acid gas, at the tempe- 
rature of 32°, takes the liquid form under a pressure of 2 
atmospheres; while carbonic acid gas, at the same tempera- 
ture, requires a pressure of 36 atmospheres, according to 
some experimenters, or about 27 atmospheres, according to 
others. The pressure required is much greater at high than 
at low temperatures. 

104. The liquids formed from the gases, in the manner 
described^may be frozen^by the great cold produced by their 
own evaporation, or by exposing them in tubes to intense 
cold. In the former case, the solids formed will appear like 
show, and in the latter, like clear, transparent ice. 

The solidification of carbonic acid gas is now of common 
occurrence in the laboratory of the chemist; but a very 
strong and somewhat expensive apparatus is required for it, 
the full description of which would occupy too much space 
to be here inserted. The materials for forming the gas are 
introduced into a strong iron vessel, called the generator, 
capable of resisting great prf ssure, so that when the gas is 
/ formed, it is compressed into a liquid, which is afterwards 
distilled into another strong iron vessel, called the receiver. 
From the receiver, the liquid, -when every thing is ready, is 
> allowed to escape in a very small jet, and is received into a 
cup, so contrived as to retain the solid as it is formed. 
When the liquid is received in the cup, it hisses and boils 
with the greatest violence ; and the cold produced (.by the 
evaporation of a part of it is so great as to freeze the rest,"^ 
(^which is retained in the cup as a tine white snovv.^ By roll* 

104. May the liquids thus formed be frozen? Describe the 
mode of solidifying carbonic acid. How is the cold pro<luced 
that freezes the liquid? What is the appearance of the solid as 
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ing this in balls, and wrapping it in cotton, it may be kept 
some time ; but in the open air it evaporates rapidly, and 
intense cold is produced, equal, it is said, to — 148^; al- 
though the author has not been able, by this means, to obtain 
a lower temperature than about -^liO^A By moistening the 
solid with ether, and placing it in an exhausted receiver, it 
is claimed that a temperature as low as 175° or 180° below 
zero has been produced. 

Mercury, which congeals at — 40°, is of course easily 
frozen by mixing it with this substance. In this state it 
much resembles lead, but is softer, and is more easily ham- 
mered or cut with a knife. 



SPECIFIC HEAT. CAFACITT OF BODIES 

FOR HEAT. 

105.^irhe specific heat of any substance, is the quantity 
of heat required to raise its temperature any given number 
of degreesyas compared with that required to produce a like 
efiect upon some other substance, adopted as a standard. 

106. When a body is exposed to any source of heat, its 
temperature rises, and the substance of heat is supposed to 
accumulate in it; but the same quantity of heat, imparted to 
different bodies, will not raise their temperature alike. Thus, 
if a pound of water and a pound of mercury, in similar ves- 
sels, and at the same temperature, be exposed to the same 
source of heat, the temperature of the mercury will rise 30^ 
while that of the water rises only P. It appears, therefore, 
that it requires 30 times as much heat to raise the tempera- 

thus formed ? How low a temperature may be produced by the 
use of this substance ? 

105. What is the specific heat of a substance? 

106. Will the same quantity of beat raise the temperature of 
different substances equally? How is this point illustrated by the 
use of water and mercury? To heat water and mercury equally, 
what proportional quantities of beat are* required? Has ever}*^ 
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ture of water any given amount, as it does to produce the 
same effect upon mercury. This idea is expressed by say- 
ing that the specific heats of these substances are as 30 to 1 ; 
or we say (as some prefer) that the capacity for heat of 
water is to that of mercury as 30 to 1. (By some experi- 
menters it is said to be as 23 to 1.) 

The same principle applies to all other substances, as 
well as to mercury and water v every substance has a specific 
heat peculiar to itself. ' 

Other methods of Jeterminmg the specific heat of bodies 
have been devised, one or two examples of which will be 
given. If a pound of olive-oil and a pound of water be heat- 
ed to some given temperature, say 80°, and then placed in a 
cold room, and the number of minutes noted which is re- 
quired for each to cool an equal number of degrees, say to 
50°, it will be found that the oil will cool in less than half 
the time required by the water ; but as both substances must 
be supposed to lose equal quantities of heat in equal times, 
it follows that the water must have contained more than 
twice as much as the oil ; or the capacity of water for heat 
is more than twice that of this oil. If a piece of copper, of 
a pound weight, be heated to 300°, by holding it a few mi- 
nutes in mercury at this temperature, and then immersed in 
a pound of water at 50°, the copper will give out heat to the 
water until the temperature of both will be at 72°. Now, 
the copper has lost 228 degrees of heat, and the water has 
acquired 22 degrees. The specific heat of water, therefore, 
is to that of copper as 228 to 22. 

It is usual to raake(^water^the standard in comparing the 
specific heats of bodies, considering its specific heat as 1.000; 
we shall then have the specific heat of mercury ''-|^<'=.033, 
and that of copper ^^^=,096. 

substance a specific beat peculiar to itself? Describe the experi- 
ment with olive-oil and water. What substance is usually made 
the standard with which to compare the specific heats of bodies ^ 
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The specific heat of tlie gases is usually compared with 
that of air, taken as 1.000. 

The following table exhibits the specific heats of several 
well-known substances : — 



Water 1.000 

Iron 0.114 

Copper 0.096 

Lead 0.031 

Sulphur 0.203 



Gold 0.032 

Silver 0.057 

Alcohol ......... 0.660 

Tin 0.056 

Platinum 0.032 



107. Tn general, the specific heat of a body sustains an 
intimate relation to its density, it being greater as the density 
is less. Thus, by hammering a piece of metal smartlyjf^its 
density is increased j and it will often become red-hot ; so, 
by mixing equal measures of sulphuric acid and water, con- 
siderable(conden8ation takes place, attended by great heat^ 

1 08. This principle is beautifully illustrated by 
the fire-syringe^ an instrument which consists 
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merely of a tube with an equal straight bore, and 
a solid piston fitted to it very accurately. When 
the piston is plunged forcibly into the tube, the 
air is much condensed before it, by which its tem- 
perature is raised, in consequence of its specific 
heat being diminished; and if a little tinder or 
other highly combustible substance has been pre- 
viously attached to the lower side of the piston^ it 
will be ignited. 

On the other hand, if the density of a body be 
diminished,/the capacity for heat is increased, and cold is 

107. Why does a piece of metal become hot by hammering? 
Why does sulphuric acid become very warm when mixed with 
water 1 

108. Describe the fire-syringe. What use is made of it? How 
is the capacity of a body affected if its density is diminished ? Why 
does a thermometer, placed under the receiver of an air-pump 
show a fall of temperature when the air is exhausted ? How is 
the fact to be explained, that the hand may be held in a jet of 
steam from a high-pressure boiler ? 
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produced. A thermometer placed under the receiver of an 
air-pump, falls as the air is exhausted. 

When steam from a high-pressure boiler is allowed to 
escape in the air, it is cooled by the sudden expansion which 
takes place, so that the hand may be held in it with safety. 



LIGHT. 

NATURE AND SOURCES OF LIGHT. 

109. JSTature of Light — Although innumerable observa- 
tions and experiments have been made upon light, yet it 
must be admitted that some doubt and obscurity still remain 
concerning its real nature. But, in the absence of positive 
knowledge, two theories of light have been proposed, by 
each of which nearly all the phenomena attending it maybe 
satisfactorily explained ; and it is admitted that each is also 
attended with its peculiar dilSiculties. These are called, the 
JSTewtonian^ or corpuscular^ and the undulatory theories. 

110. The Newtonian theory supposes light to be mate* 
rial, and to consist of inconceivably minute particles, which, 
however, are too subtile to exhibit the common properties 
of matter. These particles, emanating from luminous bodies, 
such as the sun, the fixed stars, and incandescent substances, 
and traveling with immense velocity, excite the sensation of 
light, it is supposed, by passing bodily through the substance 
of the eye, and striking against the expanded nerve of vision, 
the retina. The whole language of optics is founded on 
this theory. 

109. Is the real nature of light fully understood? What two 
theories of light have been proposed ? 

110. Describe the Newtonian theory. 
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111. The undiilatory theory, which is now generally 
adopted, denies to light a separate material existence, and 
ascribes its effects to the vibrations or undulations of a sub- 
tile ethereal medium, supposed to be universally present in 
nature, the pulses of which, in some way excited by lumi* 

I nous objects, pass through space and transparent bodies, and 
I give rise to vision by impressing the retina, in the same way 
as pulsations of air impress the nerve of hearing, to produce 
the sensation of sound. — (See JVatural Philosophy^ p. 15.) 

112. Ligh^ is notja homogeneous substance, as might be 
supposed, but the white light of the sun is made up of rays 
of several diflerent colors, as will be shown when we come 
to speak of its decomposition, or analysis. So, also, it is 
capable of producing several distinct classes of effects, which 
have been attributed to the action of distinct agents; as the 
colorific rays, or the rays which produce the phenomena of 
color, the heating rays, and the chemical rays, or those which 
are capable of producing chemical changes. Thus it is pos- 
sible, by causing the solar ray to pass through certain sub- 
stances, to separate the heat entirely from it ; or its illumi- 
nating power may be destroyed, and a distinct, invisible ray 
of heat be obtained. So, also, chemical ejects may be pro- 
duced by rays which seem to be destitute of any heating or 
illuminating power. 

113. Sources of LighU — ^The son is the great source of 
light to the earth, and all things upon its surface. As rays 
of heat always accompany the light of the sun, it is natural 
to suppose that the sun is an intensely heated mass, which 
is constantly throwing off both light and heat in every direc- 

111. Describe the undulatory theory. 

112. Is light homogeneous? Of what is the white light of the 
sun composed ? Wba^ distinct classes of effects are mentioned as 
produced by light? May the light and heat of the solar ray be 
separated ? 

U3. What is the great source of light to the earth? 
6 
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tion, like a red-hot cannon-ball suspended in the air; but 
this cannot be proved. At the present day, it is generally- 
believed that the body of the sun is a dark, opaque substance, 
surrounded by luminous clouds, unlike any thing, perhaps^ 
with which we are acquainted upon the earth, but which are 
the real source of the sun's rays. These clouds are supposed 
to be of great thickness ; but occasionally they break away 
in places, showing the body of the sun beneath them, which 
constitute the spots often seen upon his surface. 

The great distance of the sun from the earth— 95^000,000 
of miles — very probably will ever prevent us from knowing 
more with certainty of his real nature. 

114. Artificial light is produced by various modes, but 
chiefly by conibustion, by the burning of a lamp or candle, 
or a mass of charcoal ; but it may also be produced by gal- 
vanism, — in a manner to be hereafter explained, — by decay- 
ing animal and vegetable substances, called phosphariy and 
by every means which produce great heat 

All bodies begin to emit light when heat is accumulated 
within them in great quantity; and the appearance of glow- 
ing or shining, which they then assume, is called incandes^ 
cence. The temperature at which solids in general begin to 
shine in the dark, is between 600^ and 700° ; but they do 
not appear luminous in broad daylight till they are heated 
to about ] 000°. The color of incandescent bodies varies 
with the intensity of the heat. The first degree of luminous- 
ness is an obscure red. As the heat augments, the redness 
becomes more and more vivid, till at last it acquires a full 
red glow. If the temperature still increase, the character of 
the glow changes, and by degrees it becomes white, shining 

114. How is artificial light produced? May light be produced 
by other means? At what temperature does a body become in- 
candescent in daylight ? Do lights differ in color ? Is the chemi- 
cal agency of artificial light the same as that of the solar ray ? y 
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with increasing brilliancy as the heat augments. Liquids 
and gases likewise become incandescent when strongly heat- 
ed ; but a very high temperature is required to render a gas 
luminous^ more than is sufficient for heating a solid body 
even to whiteness. The different kinds of flame, as that of 
a wood-fire, candles, and gas-lights, are instances of incan- 
descent gaseous matter. 

Artificial lights differ greatly in color, some being of a 
brilliant white, and others being red, blue, yellow, or green. 
The chemical agency of artificial light is in general analo- 
gous to that from the sun ; but in most cases it is too feeble 
to produce very decided efifects. 

115. Many substances have the power of emitting a 
feeble light, unattended by sensible heat, and are called 
phosplwri (from two Greek words^p^s, light, and phero^ I 
bear). Certain living animals also possess the same property, 
as the glow-worm, and the common fire-fiy. This property 
of bodies is termed their phosphorescence. 

Some phosphori, a3 that prepared by mixing sulphur and 
oyster-shells, and exposing the mixture for a time to a strong 
heat, the diamond, fiuor-spar, &rc., shine only after having 
been heated, or exposed for a few moments to a strong light; 
while others, as moist, decaying wood, and decaying fish, 
shine without such preparation, even at ordinary tempera- 
tures. . 

DISTRIBUTION OP LIGHT. 

116. Light emanates from every point in the surface of a 
luminous body, and is equally distributed on all sides, if not 
intercepted, diverging like radii drawn from the centre to the 

115. What are phosphori? Are living anhnals sometimes phos- 
phorescent ? 

116. What is the course of a ray of light when uninterrupted? 
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surface of a sphere. Thus, If a single luminous point were 
placed in the centre of a hollow sphere, every point of its 
concavity would be illuminated, and equal areas would re- 
ceive equal quantities of light. Each ray, when not inter* 
rupted in its course, and while it remains in the same medium, 
moves in a straight line, as is obvious by the appearance of 
shadows cast by the side of a house, or of a sun-beam ad- 
mitted through a small aperture into a dark room. Owing 
to these modes of distribution, it follows that the quantity 
of light which falls upon a given surface decreases as the 
square of its distance from the luminous object increases — 
the same law which regulates the heating power of a hot 
body. 

117. The passage of light is progressive, time being re- 
quired for its motion from one place to another. By astro- 
nomical observations it is found that light travels at the rate 
of 195,000 miles in a second of time, and requires about 
eight minutes to pass from the sun to the earth. Owing to 
this prodigious velocity, the light caused by the firing of a 
cannon or a skyrocket is seen by different spectators at the 
same instant, whatever may be their respective distances 
from the rocket, the time required for light to travel 100 or 
1000 miles being inappreciable to our senses. 

118. Reflection of Light. — Light is reflected in the same 
manner as heat (74), obeying precisely the same laws. This 
always takes place when it passes from one medium into 
another of different nature or density, whether the media be 
solid, liquid, or gaseous. Different media, however, difler 
much in their power of reflection. 

What is the law of the distribution of light at difi'erent distances 
from the luminous body ? 

117. Is the passage of light instantaneous or progressive ? What 
is its velocity? How long is it in coming to the earth from the sun ? 

118. When is light said to be reflected? What is the law with 
regard to the reflection of light as well as heat ? What are the 
best reflecting surfaces ? 
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Bright metallic surfaces, as polished silver or clean mer- 
cury, reflect Nearly all the rays which fall upon them ; while 
those which are dull and rough reflect but a few. The re- 
flection of light, like that of heat, takes place at the surface 
of bodies, and appears to be influenced rather by the condi- 
tion of the surface than by the internal nature or structure 
of the reflecting body. 

119. Refraction of Light. — ^When a ray of light passes 
through the same medium, as glass or water, or when it 
passes perpendicularly from one transparent medium to an- 
other, it moves in perfectly straight lines; but when it passes 
obliquely from one medium into another of diflferent density, 
it is thrown more or less out of its first direction, and is said 
to be refracted. 

Thus, a ray of light, R, passing 
through the air, when it comes in 
contact with a piece of polished 
glass at A, does not move on in a 
straight line to R', but is bent down- 
ward or refracted, and emerges from 
the glass at B, where it is again refracted in the opposite 
direction, and takes the same course, though not precisely 
the same path, as it had at flrst. 

Refraction always takes place when a ray of light passes 
obliquely from one medium to another of diflferent density, 
but not always to the same amount; this will depend upon 
the refracting power of the two media, and also upon the 
obliquity of the ray to the surfaces of the media in contact 

When the ray passes from a rare to a dense medium, it is 
always refracted or bent towards a line perpendicular to the 
surface at the point of contact, and from this line when it 

119. Under what circumstances is light refracted ? Explain the 
figure connected with this paragraph. Do all bodies of equal den- 
sity refract light equally ? When the ray passes from a rare to a 

6» E 
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passes in the opposite direction, from a dense to a rare me- 
dium. — (For a fuller explanation of this interesting subject, 
see JSTatural Philosophy^ p. 183.) 

By means of the reflection and refraction of light, in dif- 
ferent modes, images of objects may be formed in a yariety 
of ways ; but the discussion of the subject would be out of 
place here. 

DECOMPOSITION OF LIGHT. 



120. The white light of the sun is not a homogeneous 
substance, but is capable (112) of being separated into seve- 
ral rays of entirely different colors. This was first effected 
by Newton, by passing it through a triangular piece of clear, 
solid glass, called a prism. 

In the figure in the 
margin, let S be a ray 
^ of light from the sun, 
admitted into a dark- 
ened room through the 
window- shutter, DE; 
it will pass downward 
to the floor, at a little 
distance from the wall, 
producing a circular 
spot of clear white light, W. Then let the prism ABC be 
held in the ray, and at once the spot at W will disappear, 
and, in its stead, an elongated and beautifully colored image 
of the sun will be seen upon a screen hung up in front 
of the window, or on the wall at the opposite side of 




dense medium, in what direction is it refracted ? When it passes 
from a dense to a rare medium 1 

120. How may the different colors of light be separated? Ex- 
plain the mode of separating the different colors, as illustrated by 
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file room, jf no screen be used. The several colors will 
appear in the order indicated, the violet being uppermost and 
the red lowest. 

It will be seen that the light, in passing the prism, has 
been twice refracted, or bent upward, first as it entered the 
glass, and again as it issued from it ; and that the separation 
of tlie several colors has been in consequence of their difier- 
ent refrangibilities. The violet, being most refrangible, is 
found uppertnost in the picture, and the red is lowest, be- 
cause least refrangible. The other colors occupy interme- 
diate positions, depending upon their respective refrangibi- 
lities. 

The cAored image thus produced is called the solar spec^ 
tnim; and, according to Newton, it is composed of the 
seven colors named in the figure, which are therefore called 
primary colors, 

121. More recent investigations by Brewster render it 
probable that there are in the spectrum really only three 
colors, red, yellow, and blue, and that the other shades are 
produced by mixtures of these in dififerent proportions ; a 
mixture of the blue and the yellow, for instance, producing 
the green, and a like mixture of the red and yellow produc- 
ing the orange. Indeed, it is believed that each of these 
three colors extends over the whole spectrum, but each is 
much more intense at one part of the spectrum than else- 
where, the blue being most intense near the top, and the red 
near the bottom, with the most intense portion of the yellow 
between them. The solar spectrum, therefore, as produced 
by the prisni, may be considered as composed of three sim- 
ple spectra superimposed upon each other. 

the figure in the margin. What is the colored image of the sun 
produced called'? What are these seven colors called? 

121. How many primary colors are there, according to Brewster? 



68 



DECOMPOSITION OF LIGHT. 





jBL The distribution of the rays in each 

^j of these simple spectra is represented 

by the shading of the annexed figures. 

It has been stated above (112) that 

light is capable of prodiicing several 

■ distinct classes of effects, as those of 
color, those of heat, and besides these, 
others which may strictly be called 
chemical efiects. Now, these several 
effects are not produced in every part of the spectrum with 
equal facility; the greatest illuminating power is found to 
be in the yellow, while the greatest heat is in the red, or a 
little below it, and the greatest chemical effects ar^roduced 
in the extreme violet. 

122. The chemical effects of light are various and impor- 
tant; a mixture of chlorine and hydrogen gases may be kept 
together in the dark for any length of time, without combin- 
ing, but unite with an explosion when placed in the direct 
sunlight. On the other hand, many compound substances 
are decomposed by light, as certain preparations of gold and 
silver. If a piece of white paper be coated over with a thin 
film of white chloride of silver, carefully prepared in the 
dark, and then placed in the solar spectrum, the part in the 
violet ray will soon become black, while that in the red will 
scarcely be affected. Between these extremes there will be 
produced various shades of gray and purple. 

The light of the sun produces most important effects in 
the vegetable world ; many plants will not grow in the dark, 
and others growing in the shade have their nature entirely 
changed. 

In. what part of the spectrum is the greatest illuminating power? 
In what part are the chemical effects greatest? 

122. What are some of the chemical effects of light? Is light 
of any importance to vegetation? 



DECOMPOSITION OF LIGHT. €9 

123. Photography. — ^By this name we designate the va- 
rious modes of producing pictures by the action of light. If 
a piece of white paper is moistened with a dilute solution 
of common salt, and then one side of it washed with a solu- 
tion of nitrate of silver, the surface becomes coated with 
eoloride of silver, which readily turns' black or dark chest- 
nut by exposure to the direct rays of the sun. If, now, 
before exposing paper thus prepared to the light, any small 
flat object, as a flower, or piece of lace, be placed upon it, an 
image of the object will remain upon the paper,^ and may be 
rendered permanent by soaking it immediately in a saturated 
solution of common salt, or of iodide of potassium. 

Instea^ of these substances, numerous others may be used, 
and pictures formed with peculiar characteristics, depending 
upon the nature of the process adopted. The light produces 
ft chemioal change in the parts of the picture exposed to its 
influence, and the picture is Jixed by soaking the paper in a 
solution capable of dissolving out the sensitive substance 
contained in the parts which have not undergone this change, 
in consequence of being in the shade. 

Photogenic paper ^ as paper prepared for taking impressions 
in any of these modes is called, must of course be preserved 
in the dark ; and even then it is extrtmely liable to sponta- 
neous change, which renders it unfit for use. 

124. Daguerre's process, which has received the appella- 
tion of the Daguerreotype, is entirely different, and the re- 
sults more striking and beautiful. The essential parts of 
this process are as follows : A thin sheet of silver or plated 
copper is first polished with care, and exposed a few minutes 
to the action of vapor of iodine, by which an exceedingly 

123. What is photography? How is paper prepared for photo- 
graphic purposes ? How are pictures formed in this mode fixed, 
or rendered permanent? How must photogenic paper be pre- 
served ? 

124. Describe the Daguerreotype process. 
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thin coating of iodide of silver is formed upon the surface. 
It is then placed in a camera ob'scura, and the image 
of any object in front is made to fall upon it for a few mo- 
ments, by which such a chemical change is produced in the * 
thin coating of iodide of silver, that subsequent exposure to 
* the vapor of mercury, at a moderate temperature, brings out 
a beautiful picture of the object. 

Instead of pure iodine, the bromide or chloride of iodine 
may be used for preparing the plates ; but the last compound 
is said to be, on the whole, much the best. 

The picture, when taken from the mercurial process, is 
rendered permanent by removing the coating of iodide of 
silver, which is readily done by merely pouring ^ver it a 
warm solution of hyposulphite of soda or of common salt. 

The Daguerreotype process is very simply, ^ut to insure 
success, close attention must be paid to variou^ minute par- 
ticulars, which cannot here be discussed. 

125. Double refraction of light takes place when E'ray 
is massed through certain transparent crystals, and some or- 
ganized substances, so that objects seen through them in 
particular directions appear double ; and the rays emerging 
from them are f^und to have undergone a further change, by 
which they have acquired peculiar properties on different 
sides, and are said to be polarized. Light is also polarized 
by other means, as by reflection at particular imgles from 
most non-metallic substances, and by refraction. For a very - 
full discussion of the subject, see JVatural Philosophy^ p. 209. 

Rays of heat may be polarized in the same manner and 
by the same means as those of light. 

125. What is meant by the double refraction of light? What is 
meant by the polarization of light ? May rays of heat be polarized % 

■ ' \ 

I 
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ELECTRICITY. 

NATURE AND SOURCES OF ELECTRICITY. 

126. Nature of Electricity. — As in the cases of heat 
and ligfht, we know nothing of the real natnre of electricity, 
all our knowledge on the subject being limited to its effects. 

lake heat and light, it is imponderable; no accumulation 
of it in any substance adding to the weight of that substance, 
even when tried by the most delicate balances; but many 
of Its efiects are so like those of a mechanical agent, that it 
is usually considered a separate material substance. 

127. When Qertain substances, such as amber, glass, seal- 
ing-wax, and sulphur, are rubbed with dry silk or cloth, they 
are found to have acquired a property, not observable in 
their ordinary state, of causing contiguous light bodies to 
move towards them ; or, if the substances so rubbed be light 
and freely suspended, they will move towards contiguous 
bodies. After a while this curious phenomenon ceases ; but 
it may be renewed an indefinite number of .times by friction. 
This property was first noticed in amber ; and therefore the 
principle thus developed was called electricity (from the 
Greek, electron^ amber). 

When a substance, by friction or other means, acquires 
the property just stated^ it is said to be electrified^ or to be 
electrically excited ; and its motion towards other bodies, 
or of other bodies towards it, is ascribed to a force called 
electric attraction. But its influence, on examination, will 



126. Do we know anything of the real nature of electricity? To 
what is our knowledge limited? Why is it considered imponde- 
rable ? 

127. What are the phenomena observed when certain substances, 
as amber, ^lass, &c., are rubbed with dry silk ? From what is the 
term electricity derived ? When is a body said to be excited? 
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be foHnd to be not merely attractive ; on ibe contrary, light 
substances, after touching the electrified body, will be dis- 
posed 16 recede from it just as actively as they approached 
it before contact. This is termed electric repulsion, 

128. In the absence of positive knowledge in regard to 
the nature of this agent, two theories have been proposed to 
account for and connect the established facts. 

Dufay^s theory (from the name of its proposer) supposes 
that every substance, in its natural state^ contains in itself 
two highly subtile and elastic fluids, in such a state of com- 
bination that the presence of each is entirely disguised ; but 
that the various phenomena of electrical excitement are pro- 
duced by one or the other of them, accumulated in a body 
in excess. The particles of each fluid are supposed to bear 
a strong attraction for those of the opposite kind, and for 
other matter, but are highljr repulsive of each other. 

These fluids are supposed to be separated by the various 
modes of producing electrical excitement, to be hereafter 
described ; and one of them being collected in excess in a 
body, as just stated, produces the phenomena witnessed. 

In most cases, when glass or any other vitreous substance 
is rubbed, the electricity which is collected is the reverse of 
that obtained when sealing-wax is subjected to friction ; and 
hence the former is called vitreous^ and the latter resinous 
electricity. 

129. Franklin^s theory of electricity supposes that all 
bodies, in their natural state, contain in their" substance a 
certain quantity, called their natural share^ of a single, sub- 
tile, elastic fluid, which produces no sensible efl^ects; but 
that the phenomena of electrical excitement are produced 
when the body is made ' to contain either less or more than 

128. Explain Dufay's theory of electricity. What terms are used 
to designate the two fluids? 

129. fbcplaia Franklin's theory. What terms are used, on this 
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its natural share. It supposes that the particles of this fluid 
repel each other strongly, but are attracted by all other 
matter. When a body contains more than its natural share, 
it is said to be positively electrified ; and negatively electri- 
fied, when it contains less. 

Glass and other vitreous substances, when rubbed, are 
supposed to take more than their natural share of the 
fluid, or become positive ; while resinous substances, in the 
same circumstances, lose a portion of their natural electri- 
city, or become negative. These states are often indicated 
by the algebraic signs + and — . 

The terms vitreous and positive^ of the two theories, are 
therefore synonymous, as are also the terms resinoits and 
negative. 

Either of these theories is found to answer well in ex- 
plaining most of the phenomena of electricity, but that of 
Dufay is generally preferred, though the terms positive and 
negative, of Franklin's theory, are almost universally used. 

From the above it will readily be seen, that when two 
bodies are either positively or negatively electrified, they 
repel each other, but attract each other when one is positive 
and the other negative. 

130. Conduction of Electricity, — Some substances allow 
the electric fluids to pass over them freely, and are therefore 
called conductors ; while others, that refuse it a passage, or 
allow it to pass but slowly, are called non-conductors. If 
electricity be imparted to one end of a conductor, such as a 
copper wire, the other extremity of which touches the 
ground, or is held by a person standing on the ground, the 

theory, to indicate the two electrical states of bodies ? How ar» 
these states sometimes indicated ? Which of the above theories is 
generally adopted at the present time? When will two bodies 
attract, and when repel each other? 

130. What are conductors ? What are non-conductors 1 What 
is the effect of imparting electricity to a conductor, any part of 

7 
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electricity will pass along its whole length and escape in an 
instant, though the wire were several miles long ; whereas 
excited glass and resin, which are non-conductors, may he 
freely handled without losing any electricity except at the 
.parts actually touched. 

To the class of conductors belong the metals, charcoal, 
plumbago, water, and aqueous solutions, and substances ge- 
nerally which are moist, or contain water in its liquid state, 
such as animals and plants, and the surface of the earth. 
These, however, diflfer in their conducting power. Of the 
metals, silver and copper are found to be the best conduct- 
ors ; and after these follow gold, zinc, platinun;i, iron, tin, 
lead, antimony, and bismuth. Aqueous solutions of acids 
and salts conduct much better than pure water. 

'to the list of non-conductors belong glass, resins, sulphur, 
diamond, dried wood, precious stones, earth, and most rocks 
when quite dry, silk, hair, and wool. Air and gases in ge- 
neral are non-conductors if dry, but act as conductors when 
saturated with moisture. 

It is not, however, to be understood that any very definite 
line can be drawn between the two classes of conductors 
and non-conductors ; but there seems to be a very regular 
gradation from the most perfect conductor to the most im- 
perfect, or most perfect non-conductor. This division of 
substances is, however, found very convenient, though in 
some instances individuals might difier with regard to the 
class to which a particular substance is to be assigned. 

131. When a conductor is supported upon a non-conduct- 
ing substance, it is said to be insulated^ and electricity may 
be retained upon it for a time ; but even then it will be gra- 
dually diffused and disappear. This is occasioned in part 

which touches the ground? What are some of the conductors 
or rationed ? What non-conductors are mentioned ? 

X31. When is a conductor 'said to be insulated? Why cannot 
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by the conducting power of the air, which is considerable, 
except when it is very dry. In damp weather, many elec- 
trical experiments cannot well be performed, because of the 
rapid diffusion of the fluid through the air, and the deposi- 
tion of moisture upon the surfaces of insulators. 

When two substances are rubbed together, both electrici- 
ties are always developed, one of them going to one of the 
substances, and the other to the other substance ; and both 
electricities may be retained, if the twQ substances rubbed 
together are insulated. 

The diffusion of electricity from an excited conductor de- 
pends much upon its form : if the conductor be perfectly 
spherical, it is retained longest, but tends to escape rapidly, 
if there are any projecting points. So, also, the fluid is re- 
ceived more readily upon pointed conductors than upon 
plane or curved surfaces. 

132. Induction of Electricity. — 
An electrified body always exerts a ^ b 
peculiar influence on the natural 
electricity of other bodies in its vi- 
cinity, called induction^ the nature 
of which will be seen from the 
following explanation : Let A be a 
positively excited glass tube, held 
near one end of an insulated con- 
ductor^ B, supposed to be in its na- 
tural state ; the natural electricity in 6 will instantly be dis- 
turbed, and, on examination, it will be found that the end 

electrical experiments be well performed in damp weather* 
When two substances are rubbed together, are the two electricities 
always developed ? How may both be collected ? Upon what 
does the diffusion of electricity from an excited conductor depend 1 
What is the effect, if there are points projecting from it? 

132. What is the effect upon the natural electricity of an insu- 
lated conductor, when an excited body is brought near it? In 
what state will the part of the conductor nearest the excited body 
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next the excited glass is negalively electrified, and the other 
end positively, as shown by the algebraic signs. If, instead 
of the glass tube, some othersubstance, negatively electrified, 
had been used, the electricities of the two entia of the con- 
ductor B would have been reversed. \a every case, the part 
of the conductor next to the excited body will be in the op- 
posite state of excitement, while the other end will be in the 
same stale as the excited body. 

In ihe experiment, nothing but air is supposed to be be- 
tween the excited body A, and the conductor B, but the 
inductive influence is exerted through all non-conductors. 
Thus, if a clean and dry pane of glass be held between A 
and 6, the result wilt be the same. 

133. Eleelrometers. — Electrometers are instruments for 
indicating the presence of electricity, or its intensity. A 
pith-ball, suspended by a dry silk thread from any conve- 
nient support, answers the purpose quite well; but the fol- 
lowing, called the gold-leaf electrometer, is a more sensitive 
instrument. It consists of two slips of gold-leaf, 
suspended in a cylindrical glass vessel, from a me- 
tallic plate at the top. If the bottom ia alao made 
of metal, its sensitiveness will be increased. When 
an excited body ia brought near the metallic plate, 
the leaves at once diverge, in consequence of the 
inductive influence (132) of the excited body, as 
I already explained. 

134. The Leyden Jur.— The Leyden jar, so 
called from the fact that it was invented in the city of Ley- 
den, in Holland, consists of a glass jar, coaled both inside 
and outside with tin-foil, except a part around the top, as 

be! Does any electricity pass from the eiciied tody to the con- 
ductor? Will the influence be eietted through other bodies ? 

133. What U the electtoroetet used for? What answers well 
fbr this parpose! Describe the gold-lear electrometer. 

134. How ii tha Leydeo jar constructed^ Whan positive eleo 



OFELECTBICITV. T7 

shown in the figure. Through a TurDuhed 
wooden cover. A, a wire, having a knob at 
top, is passed, and a chain, B, extends to the 
inside coaling. Now, when either positive 
or negative electricity is communicated to the 
knob at ihe top, it is immediately diffused 
over the whole inside coaling; and by its 
inductive inllueace, the outside coating (which 
must not be insulated) takes on the opposite 
kind. When in this state,— ^the two coatings 
being oppositely electrified, — the jar is said to he charged ; 
and adischarge takes place when a communication is estab- 
Jished between the knob and the outside coating, the equili- 
brium being restored with a bright flash of light and a sharp 
report. As the human system is a good conductor, this dis- 
charge may take place through it, by grasping the outside 
coating with one hand, and touching the knob at the top 
with the other; or several persons may form a line by grasp- 
ing hands, the one at one extreme touching the outside coal- 
ing, while the one at the other extreme touches the knob. 
All will feel the shock, as it is called, at the same instant 

135. Sources of Electricity. — As we have seen above, 
electricity is believed to be contained in all bodies, which 
are therefore properly its sources ; but the earth, as being 
by far ihe largest mass to which we have access, is its chief 
source. We propose, however, under this head, to speak 
of the different modes of exciting or collecting it, which are 
friction, chaise of Umperalure, and chemical action. 

tricilyis communioated to the inside, wliy does Ihe outside becoms 
negative* How is it discharged ? How may a poTson receive the 
discharge through bis system ? 

135. What is ihe chief source of eleclrioily! What differeiK 
modes of exciting etectricity aie mentioned? If both fjuids are 
developed when two suhalances are tubhed together, why do they 
uot always manifest themselTes! 
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Vrietion, as a Sota-ee of Electricity. — It is believed that 
electricity fa always developed whcD one substance is rubbed 
against another, one of the fluids passing to one of the sub- 
stances, and the other to the other substance, as before stated ; 
but, in most coses, iieitlier of the fluids is retained, because 
the rubbing substances are not insulated. If both be insulated, 
both the posilive and negative fluids may be retained (131). 
J36. The ekclrical machim is an instrument for develop- 
ing electricity by friction, more abundantly than it can be 
done by the simple means heretofore pointed out, though 
most of the great principles of the science, as we have seen, 
may be demonstrated without iu The 
figure in the margin represents the cyliu- 
f der machine in its usual form ; and in 
the author's Natural Philosophy, p. 278, 
will be found a description of an elegant 
plate machine. A is a cylinder of glass, 
firmly supported, and capable of being 
turned on its axis by a handle 5 and R is 
k a conductor, supported on a pillar, hav- 
' ing the rubber attached to it, with b flap 
c^ silk,S, extending nearly over the cy- 
linder. C is made of sheet-brass, and is 
called the prime conductor, because it receives the -electricity 
from the cylinder a^it is turned, by means of several pointed 
wires (129), extending inwards towards the cylinder. It is 
supported upon a pillar of glass. 

Now, when the cylinder is turned, electricity is abundantly 
developed by the friction of the rubber against its surface, 
and is received by the prime conductor, in whiob it accumu- 
lates. The use of the flap of silk, S, is to prevent the fluid 
from escaping in the air, as the cylinder is turned. 
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From the principles heretofore discussed, the learner will 
readily perceive that it is the positive electricity that will be 
accumulated in the prime conductor; but the negative (131) 
will also at the same time accumulate in the rubber, if it be 
insulated. But no considerable quantity of electricity can 
usually be collected, unless the rubber communicates with the 
earth, or, which is the same thing, with the floor of the room. 

When used, the machine should be dry and warm, and 
perfectly clean and free from dust. Its action is also greatly 
increased by spreading the surface of the rubber, where it 
presses against the cylinder, with a soft amalgam of zinc, 
tin, and mercury. 

When the machine operates properly, if the knuckle be 
presented near the prime conductor, a vivid spark passes 
between them, and a slight stinging sensation is felt ; the 
same thing also takes place on presenting the knuckle to the 
rubber, provided it be insulated. If a needle is fixed in the 
prime conductor, with its point projecting from it very little, 
no electricity can be collected (131); and if the room be 
dark, its escape from the points will be shown by 
a brush of faint blue light, as represented in the 




figure A. If the needle is held in the hand, with ^ *^ 
its* point near the conductor, the accumulation of 
electricity in the conductor will also be prevented, j 
a faint light, in the form of a star, being seen upon 
its point, as shown by B, in the figure. I 

137. The ElectrophoTus (from electron and " 
phero^, I bear) is an instrument for readily obtaining small 

collected ? Which elec^icity is it that accumulates in the prime 
conductor ? Can any considerable quantity be collected when the 
rubber is insulated 1 Why is amalgam spread upon the rubber ? 
Why cannot electricity be collected when a needle is ilxed in the 
prime conductor? If the room be dark, what will be seen at the 
point of the needle 1 What will be the effect, if the needle is held 
in the hand, with the point near the prime conductor? 

137. What is the design of the electrophorus ? How is it con- 
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quantities of electricity. It consists of a plate of resin, A^ 

about 12 inches in diameter, con- 
tained in a shallow dish of metal, 
and a metallic disk, D, a little smaller 
than the plate of resin, provided 
with a glass handle, for removing it 
A^^ 3> ^^^^ J J from the resin at pleasure. To ope- 
rate well, the surface of the resin 
should be perfectly smooth. 
To charge the electrophorus, the disc is removed, and the 
surface of the resin rubbed briskly with a piece of warm, 
dry flannel, or a silk handkerchief, by which negative elec- 
tricity is excited. If, now, the disc of metal be restored by 
means of its insulating handle, its lower surface will become 
positive by induction (133), and its upper surface negative. 
By touching the upper surface of the disc, when iq this 
position, with the finger, the negative electricity will be dis- 
charged ; and if it be then removed carefully by its handle, 
it will be found highly charged with positive electricity, so 
that a considerable spark may be obtained from it. As the 
cake of resin has lost nothing of its electricity by the ope- 
ration, the process may be repeated any number of times, 
with the same result. 

The Hydro-Electric Machine is an instrument for excit- 
ing electricity by means of high-pressure steam. The ex- 
citement is attributed to the friction of the steam, carrying 
with it drops of water, against the pipes from which it issues. 
138. AtmQspJieric Electricity. — The general phenomena 
of thunder and lightning are well known. They are occa- 
sioned, as Franklin first demonstrated^ about a century ago, 
by immense accumulations of electricity in the clouds, be- 
tween which and objects upon the earth, violent discharges 

stnicted ? How is it used ? What is the hydro-electric machine f 
138. How are thunder and lightning occasioned? What are 
lightning-rods ? 
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are frequently taking {^lace. The discharge is believed to 
di^r in nothing from the discharge of a spark from the coo* 
ductor of an electrical niachinc, except what necessarily re- 
sults from the quantity and intensity of the fluid accumulated. 

Lightning-rods^ which are so common at the present day^ 
are rods of metal erected upon buildings, extending a dis» 
tance above them at the top, and at the bottom connecting 
with the moist earth. Being made of metal which is a good 
conducting material, any discharge that may happen upon 
the building will be conveyed by them without danger to the 
ground. 

Electricity excited by friction is frequently called statical 
elettricity, to distinguish it from dynamic electricity^ which 
will be hereafter described, under the head of Galvanism. 

139. Change of Temperature^ as a Source of Electricity ; 
Thermo-Electricity, — If a crystal of tourmaline, the extre- 
mities of which are dissimilar, is slightly heated in the flame 
of a spirit-lamp, one end will be found, on examination by 
a delicate electrometer, to be positive, and the other negative ; 
but the excitement is very feeble. Crystals of some other 
substances may be excited in the same manner. 

But the more common method of exciting electricity by 
change of temperature, is to heat slightly the 
ends of two or more small rods of different 
metals at their junction, as represented in the 
figure. Let A be a small rod of antimony, 
and B another of bismuth, soldered together 
at one end ; and then let the heat of a spirit- 
lamp be applied, for a moment, at the point 
where they are soldered : while the bars are 
warming, the bismuth will be negative, and the antimony 
positive. The bismuth is called the positive, and the anti 

139. How may a crystal of tonrraaline be excited? What is the 
usual method of exciting electricity by heat ? What metals may 

P 
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mony the negative metal, because, ivhile heating, the po9i« 
tive fluid appears to originate in the former, and flow to the 
latter ; but an electrometer will show the di^rent states of 
the metals, as above indicated. 

Other metals-^and even non*metallic substances — ^may be 
used, with similar results. German silver and brass answer 
very well, the former corresponding in its action with the 
antimony, and the latter with the bismuth. 

The effect will be considerably increased, if several pairs 
of the metals, arranged as above, are associated together, as 

shown in the accompanying figure^ 
the alternate rods, A, being of 
German silver, and the interme- 
diate ones, B, of brass. When the 
metals are gently heated at the 
poijQts of junction at one extremity 
of the bars, and kept cool at the other, the terminal bars be- 
come e^^cited, and a constant current flows over any con-> 
ducting substance^as a copper wire, connecting the extremi- 
ties of the series. If the upper ends of the rods be heated, 
the direction of the current over the wire will be as shown 
by the arrow. If the lower ends be heated, or the upper 
ends cooled, its direction will be reversed. 

The existence and direction of these currents are beat 
shown by a delicate galvanometer^ an instrument to be here- 
after described. 

By reversing the experiment, and passing a current of 
electricity through the series of bars, they will be heated or 
cooled, according to the direction in which the current is 
made to pass. 

An instrument formed in the manner above described, but 

be used ? How may the efTect be considerably increased ? What 
will be the effect-of reversing the experiment, and passing a current 
of electricity through the apparatus 1 What is the apparatus called T 
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Vfithr the bars of metal arranged in a more compact fomif 
constitutes the ihermo'multiplier, which is much more ddi- 
cate in indicating slight changes of temperature than the 
most sensitive thermometer. 

140. Chemical Action^ as a Source of Electricity, — Che^ 
mical action, as the solution of a metal in an acid, and the 
combustion of charcoal in an ordinary fire, it is believed, is 
always attended by the developement of electricity. In the 
combustion of charcoal, the gas arising from the coal is po- 
sitive, while the coal itself, if insulated, is negative; and 
when a metal is dissolved in acid, a current of positive elec* 
tricity always passes from the metal to the liquid, and any 
conducting substance, as a plate of copper, contained in it. 

Let Z be a zinc plate immersed in 
water, acidulated with a little sulphu- 
ric acid, contained in a glass vessel, 
and C a plate of copper, also im* 
mersed in the same liqnid; the zinc 
will be gradually corroded, and a cur- 
rent of positive electricity pass from it through the liquid 
to the copper ; and if the {^ates are connected by a wire, the 
current will pass over it in the direction indicated by the 
arrows. 

But, although we have, in these and other cases of che- 
mical action, such decided and even powerful developements 
of electricity, it is admitted, that in very many cases where 
chemical action really takes place, no indications of electri- 
city have as yet been observed. The action of one salt 
upon another, of one metal upon another, or of a simple 
element, as oxygen or sulphur, upon a metal, may be men- 

140. Is chemical action always attended by the developement 
of electricity? When a zinc plate is acted upon by an acid, what 
is its electrical state? If a plate of copper is immersed in the 
same liquid, at a little distance from the zinc, what will be its 
state ? If the plates are then connected by a wire above the liquid. 
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tioned, as instances in which no electrical excitement is ac- 
tually known to take place. 

The electricity of chemical action, sometimes called dy^ 
namical electricity (138), properly constitutes the spbdivi- 
sion of the general subject of electricity called Galvanism; 
and under this title it will be discussed more at length, as it 
is this branch of the general subject which more especially 
concerns the student of chemistry. 



GALVANISM. 

141. Galvanic Arrangements, or Circles. — The 
science of Galvanism owes its name and origin to the expe- 
riments on animal irritability made by Galvani, professor of 
anatomy at Bologna, Italy, in the year 1790. In the course 
of some of his investigations, he discovered the fact that 
muscular contractions are excited in the leg of a frog recently 
killed, when two metals, such as zinc and silver, one of which 
touches the crural nerve, and the other the muscles to which 
it is distributed, are brought into contact with one andiher. 

The experiment with the legs of a recently killed frog is 
easily^repeated, in the following manner : — After killing the 
frog, immediately separate the hind-legs, with a small por- 
tion of the spine, and remove the skin ; then bind around 
the part of the spine removed with the legs, a piece of tin- 
foil, F, and, holding it up with the left hand, apply a piece 
of silver coin, or a rod of silver, S, bent, if necessary, so that 
it shall touch the tin-foil and the flesh of one of the legs at 
the same time. At each contact of the metals, the muscles 

what will be the effect? What is the electricity of chemical action 
usually called ? 

141. What was the discovery of Galvani in connection with this 
subject? Describe the experiment with a frog. 



of the leg will be violently contracted, and 
jerking of ihe legs produced. The esperiment 
succeeds best when the whole is kept wet with 
clean water. The irritability of the muscles 
will gradually subside, but sometimes it will 
continue more than an hour after the death of 
the animal. 

The large legs of some insects, especially 
those of the grasshopper, may be used for the 
same purpose. 

142. Simpk Galvasic Circles. — A simple 
fralTanic circle is formed of three substances, 
two of which are usually metals, and the third 
ft liquid. The arrangement described in paragraph 140, con- 
stitutes such a circle. The zinc is acted upon by the acid, 
and the electrical disturbance takes place over all that part 
of its surface covered with the liquid. This part of the plate 
becomes positive, while the part above the liquid becomes 
negative. If, now, a plate of copper, or other metal not ca- 
pable of being acted upon by Ihe liquid, be introduced, it 
will become positive by receiving electricity from the liquid; 
and, by connecting the two plates by wires, a constant cur- 
rent is established over these wires, as shown by the arrows. 
It matters not, so far as galvanic action is concerned, at what 
part the plates touch each other. A current is formed, whe- 
Aer contact between the plates is made below, where covered 
with liquid, above, where uncovered, or along the whole 
length of Ihe plates, provided both plates are immersed in 
the same vessel of diluted acid. But in every ease a circuit 
must be formed, around which the electricity may traverse, 
either in a single current, or in many partial currents, into 

142. How 13 a sirnpio galvanic circle formacl? In wliat direc- 
tion will the current pass? What will be tbe efTect, if the plale* 
■re in contact benealb the liquid ? When is tlie circle said to be 
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which it may divide itself, as will be the ease when the 
metals are in contact along their whole surfaces. This last 
result it is desirable to avoid ; and therefore the metals are 
always to be kept separate below the liquid, and above it 
also, except at the part where the current is desired to pass. 
Usually, a wire is connected with each plate, which may be 
brought in contact or separated at pleasure. When they are 
in contact, the circle is said to be closed; when they are 
separated, it is said to be broken, 

A simple galvanic circle may be formed of one metal and 
two liquids, provided the liquids are such that a stronger 
chemical action is induced on one side than on the other. 
Nay, even a plate of metal, with two portions of the same 
liquid, may be made to constitute the simple circuit, provided 
only the conditions are such that one side of the metal shall 
be acted upon by the liquid more readily than the other. 
This will be effected, if one portion of the liquid is warmer 
or stronger than the other, or if one surface of the metal is 
rough and the other polished. 

We have above represented the positive current as passing 
from the zinc, through the liquid, to the copper, and in the 
opposite direction over the wires connecting the plates above 
the liquid ; this will always take place when a diluted acid 
is used, which attacks the zinc more violently than it does 
the copper ; but if a solution of ammonia be substituted for 
the acid, the copper will be most acted upon, and the current 
will move in the opposite direction. 

It is not necessary that copper and zinc alone should al- 
ways be used in these experiments ; other metals may be 
adopted, with equal, and, in some cases, with even more 

closed? When open? May the galvanic circle be formed by 
other means than the particular ones j«st aescribed? In what di- 
rection will the current pass, if a solution is used that acts more 
upon the copper than upon the zinc? May other, metals 'besides 
copper and zinc be used ? What are the conditions recjuired? 

\ 
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decisiTe results. Nor is it required that the liquid should 
always contain «n acid ; other substances, as solutions of 
the salts, are quite as efficacious in exciting this subtile fluid. 
The conditions required are, that the metals and liquid used 
should be such that chemical action will take place more 
readily between one of them and the liquid than between the 
other and the liquid ; and that metal is always found positive 
(below the surface of the liquid) which is most acted upon 
by it. Other things being equal, the galvanic action will be 
more intense, the greater the difference between the two 
metals used, as regards their tendency to be acted on by the 
particular menstruum in which they are immersed. 

Besides the above arrangement, there are several modifica- 
tions of the simple galvanic circle, each possessing its own 
peculiar advantages, which will shortly be fully described. 

143. Compound Galvanic Circles. — Galvanic Batteries. 
— ^The compound galvanic circle, or galvanic batteryi con- 
sists of a number of simple circles, so arranged in a series, 
that the copper of each simple circle is connected with the 
zinc of the one adjacent.\ One extreme of the series, it will 
be evident, will be copper, and the other zinc ; they are often 
called the poles of the battery, the former being positive and 
the latter negative. 

The voltaic pile (from the name of its in- 
ventor) deserves here to be noticed, as the 
earliest and simplest instrument of this kind, 
though by no means the most efficient. It is 
formed of pieces of copper, c, zinc, 2, and 
clothy the latter being moistened with solution 
of salt or acidulated water. Commencing 
with either of the metals, upon this is placed 
a piece of cloth, and then a piece of the other 

143. Of what does a compound galvanic circle consist? De- 
scribe the voltaic pile. How many pairs of plates may be used 
with advantage 1 
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metal; Ih^ three, of course,- constituting a sin^ple galvanic 
circle. Upon this circle other simple circles are then formed 
in the same manner, care being taken to place the metals 
throughout the series in the same order. 

The series may be extended indefinitely; but, usually^ 
from fifty to one hundred pairs of metallic plates will be 
found as many as can be employed advantageously. When 
in action, the extreme zinc plate, which is represented as 
uppermost in the figure, will be negative, and the extreme 
copper plate positive; and if they be connected by wites, 
the current will fiow in the direction of the arrows, both 
through the series, and over the wires. The extremes of 
the series are called its polesj or electrodes (from electron^ 
and odos^ a way). 

144. An excellent compound circle, or battery, is formed 
by combining a numb^ of cups like that represented in pa- 
ragraph 140. Each cup contains a zinc and copper plate, 
the zinc of one cup being connected with the copper of the 

next, through the whole series, leav- 
ing the two extreme plates free; 
and the cups are filled with diluted 
acid, or a solution of salt The two 
free plates, constituting the extremi- 
ties of the series, will be the poles, 
or electrodes ; and when they are connected by wires, the 
current will be established in the direction of the arrows. 

By studying closely this arrangement, it will be seen that 
the actual quantity of electricity flowing over the wires con- 
necting the electrodes, is no more than when a single cup 
only, with a single pair of plates, is used. The same elec- 



144. Where are the poles or electrodes of the compound circle? 
How does it appear that the whole quantity of electricity, circulat- 
ing over the polar wires of the compound circle is equal only to 
that developed by the extreme plates ? 
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trical disturbance, we suppose, takes place in each cup, over 
the whole surface of the zinc plate which is covered with 
the liquid, the part of this plate above the liquid becoming 
negative, and the liquid becoming equally positive ; the cop- 
per plate then serves as a conductor to take up this positive 
electricity, and convey it to the negative zinc of the next 
cup, by which it will be exactly neutralized. However ex- 
tensile the series may be, this will take place with every 
alternate zinc and copper plate except the extreme ones ; so 
that the quantity passing over the wires connecting the elec- 
trodes, will be only that of the single pair of plates consti- 
tuting the extremes of the series. 

145. But although the quantity of electricity developed at 
the electrodes of the compound circle is no more than we 
should obtain by using a single pair of plates, yet it will be 
found to have acquired a very important property, called in- 
tBtisity, By this term is meant its power to overcome re- 
sistances which may impede the passage of the current. The 
current from a single pair of plates, however large they may 
be, will always be exceedingly feeble, and will not flow 
unless the wires connected with them are in actual contact ; 
but, if the polar wires of the compound circle are once 
brought in contact, they may be separated at a little distance, 
and the current will continue to pass between them, with a 
brilliant flame. The reason is, because the current from the 
compound circle possesses suflicient iniensUyXo overcome 
the resistance of the thin stratum of air between the wires, 
which is not the case with'the^rrent of the simple circle. 

So, if the polar wires of tho^Bple circle are grasped, one 
in each hand, by the operatqg|Ht the least sensation is felt, 
because there is not sufficiei^HRensity to impel the current 



145. Although tho quantity of electricity put in motion is not 
increased by increasing the series, what important effect is pro- 
duced? Will the current of a single pair of plates always be foe- 
8* 
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through the system, which is comparatively a poor copr'iue- 
tor; but if the same is done with the polar wires of the 
compound circle, especially if the series be eztmisive, the 
moment the circuit is formed, a powerful shock is expe- 
rienced, similar to that received from the Ley den jar. This 
is owing to the increased intensity of the current from • the 
compound circle, enabling it to overcome the resistance 
which is interposed. * 

146. From the above facts we deduce this important prac- 
tical principle : that, to produce a current of quantity, a sin- 
gle pair only of large plates is wanted ; but to give intensity, 
a number of simple circles must be combined, in the manner 
described. 

The energy of any battery, whether composed of one or 
many simple circles, will depend very much upon the nature 
of the liquid used. . A solution of common salt, sulphate of 
soda, nitrate of potassa, alum', or other salt, will answer the 
purpose, but acids are much better. Generally, one of the. 
stronger acids is used, diluted with 15 or 20 times its weight 
of water. For ordinary purposes, a mixture of equal parts 
of nitric and sulphuric acids, diluted with 20 times their 
weight of water, will be found to answer well. 

147. JVtUure of the Chemical Action in the Galvanic 
Battery, — ^Tfae developement of electricity by the usual gal- 
vanic arrangements, is attributed chiefly, if not entirely, to 
the decomposition of water in contact with the zinc plates* 
Water is a comround of oxygen and hydrogen, and is inca- 

ble ? What will be the ^ffec^H^en the poles of the compound 
civcle are grasped by the oan^^^Why will not the same effect 




be produced by the simple cir( 

146. What important practic^Krinciple is deduced from the 
above facts ? Upon what will tm energy of any battery always 
depend? What mixture of acids is recommended? 

147. To what is the developement of electricity in the usual 
galvanic arrangements chiefly attributed ? Of what is water com'* 
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pable of actings upon zinc, unless son^e acid be also present. 
But when a piece of this metal, in its usual impure state, is 
immersed in diluted acid, the water is decomposed, its oxy- 
gen combining with the zinc, forming oxide of zinc, while 
the hydrogen rises in bubbles and escapes. in the air, and at 
the same time the oxide of zinc is taken up by the acid. If, 
now, a plate of copper is placed in the diluted acid, at a little 
distance from the zinc, and the two connected by a wire, 
constituting a simple galvanic circle (142), the bubbles of 
liydrogen will not rise around the zinc as before, but around 
the copper ; showing that the gas has in some way been 
transmitted through the liquid between the plates, though 
not the least appearance of any motion can be observed by 
the eye. If the connecting wire is removed, the evolution 
of hydrogen* at the copper plate at once ceases''with the ces- 
sation of the electrical current, but continues to rise slowly 
around the zinc.^ This latter efiect, however, is occasioned 
by the impurity of the zinc. Thus it would seem that the 
developement of the current is occasioned entirely by the 
decomposition of the water, and the formation of oxide of 
zinc. 

When the battery is in active operation, though the hy- 
drogen is rapidly evolved at the copper plates, yet the whole 
surfaces of these plates will -be all the time covered with a 
film of this gas, which interferes with its conducting power, 
and prevents the free passage of the current; at the same 
time, as a matter of course, diminishing very considerably 
the energy of the battery: To remedy this difficulty, seve- 

posed? What takes plaoe when a plate of zinc is immersed ia 
dilate acid ? What becomes of the hydrogen, when a plate of 
copper is connected with the zinc and immersed in the liquid ? 
Can the movements of the hydrogen through the liquid be observed ? 
What is the effect of removing the wire which connects the plates 1 
What is observed on the copper plates when the battery is in act- 
ive operation 1 What disadvantageous effect is produced by it ? 



lal new forms of (he b&iteiy have recently been ioTenled, 
which act with great energy, and will here be briefly de- 
flcribed. 

148, Dmiel'a Constant Battery. — This excellent instru- 
ment consists of a cylindrical vessel of copper, 
C, in which is placed another smaller one, L, 
t made of unoiled leather, or unglazed porcelain, 
I through which water will gradually percolate ; 
in the latter is contained a rod of zinc, Z, 
I about an inch in diameter. To charge it, the 
er porous vessel, which contains the rod of 
I zinc, is filled with diluted sulphuric acid {acid 
1 1 part and water 8 parts), and the space around 
the inner vessel with a saturated solution of 
blue vitriol, acidulated with sulphuric acid. To the side of 
ihe copper vessel, and also to the zinc rod, wirea are sol- 
dered, with binding screws for holding the polar wires; the 
one connected with the copper being positive, and the other 
negative, as shown by the algebraic signs. 

Usually, the zinc rod is amalgamated with mercury, which 
is done by rubbing the surface with mereury, while covered 
with some weak acid. This renders the chemical action 
over the whole surface mote uniform, and the action of the 
battery more constant^ but the same thing may be accom- 
plished with les^ trouhle, by using the zinc in its ordinary 
slate, and substituting, in the porous cell, a saturated solution 
of sulphate of soda (Glauber's salt), instead of Ihe diluted 
acid. 

The above arrangement, it is plain, constitutes a simple 
galvanic circle; and its action is particulaiiy energetic and 
constant, in consequence of the accumulation of hydrogen 

I4S. Describe Daniel's constant battery. How is the ziaa rod 
una^mated? What is the benefit of ibis? How tna-f tlie lania 
object be accompliihed with less inconTenieaoe 1 How is ih? ti^ 



i 

i 
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gas upon the copper plate (147) being compldtely avoicled. 
This will appear Iroin the following explanation. 

In this instrument^ as in the more common one first de* 
scribed (142), the electricity is developed at the sur&ce of 
the zinc, by the decomposition of the water ; the oxygen 
combining with the zinc, and the hydrogen passing through 
the porous vessel into the vitriol solution, and thence to the 
sides of the copper vessel, which constitutes the copperplate 
of the series (140). Here the hydrogen does not make its 
appearance in bubbles upon the surface of the copper, as in 
the common arrangement, but enters into a new combination 
with the oxygen of the oxide of copper deposited from the 
vitriol solution. Blue vitriol is a compound of sulphuric 
acid and oxide of copper; and while the battery is in opera- 
tion, it is all the time decomposing, its acid passing into the 
porous cup, to act upon the zinc, while the oxide of copper 
is itself also decomposed, its oxygen combining with the 
hydrogen at the surface of the outer vessel, which receives 
a new coating of metallic copper. 

Any number of these arrangements may be united, by con- 
necting the zinc of one with the copper of the next, as here- 
tofore described (141) ; and a battery so constructed has 
this great advantage, that no action takes place when the 
circuit is not closed. It is also very constant in its ac- 
tion, affording a uniform current for several hours in suc- 
cession. 

When it is to be used some time, a quantity of undissolved 
61ue vitriol should be kept in the upper part of the copper 
cell, either upon a shelf provided for the purpose, or in a 
tnuslin bag, to keep the solution constantly saturated. 



drogen disposed of in tliis arrangement? How may these arrange- 
ments be combined, so a» to form a compound circle or battery? 
Does any action take place in this battery when the circuit is 
open? 1 , 
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149. Groee'j Battery. — ^This battery, inTonted by Profes- 
Bot Grove, of London, is remarkable, not only for the con- 
stancy of its action, bnt also for its great intensity. It is the 
battery which is used univenally, it is believed, in working 
the magnetic telegraph. 
The conitraction of this battery is shown in the accoot- 
panying figure. A ^ass or porcelain cap ia 
' used, of the size of a common tumbler, and 
in it is placed a hollow cylinder of zinc, Z, 
(usually having a slit in one side, to allow 
a free paaaage to the liquid), and inside of 
this, a small cylindricd cup, C, of p<woua 
or unglazed porcelain. The glass cup is 
then filled with diluted Bul[ihiiric acid (of 
the same strength as is used in Daniel's bat- - 
' tery), or a solnlion of Gkaber's salt, and 
the porous cup with strong aquafortis (ni- 
tric acid). lastly, a thin slip of platinum, P, is suspended 
in the aquafortis, and supported by a piece of wood attached 
to the side of the glass cup, through which a wire passes, 
aud is bent in the form represented in the figure. A projec- 
tion upward from the zinc supports a binding screw, shown 
on the right, and another is soldered to the wire to which 
the platinum is attached, shown at the lefl. These, of course, 
serve as the positive and negative poles of the circle ; and 
to them the polar wires may be attached, when required. 

The zinc may be amalgamated, or it may be used in its 
natural state, provided a solution of Glauber's salt is substi- 
tuted for the diluted acid (148) in the glass cup. 

The action of this battery is essentially the same as that 

119. Deacrilie Grava'g baiter;^. With what ia the porous cap 
filled! Wilh wbat the tumbler! For wliat is this battery espe- 
oiallj usedl What constituto the posiiiTB and negative poleal 
Haw U the h/draten that is libsniiad expended T 
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of Daniel's, except that the hydrogen from the deC(»iipoBi- 
tion of the water, pasaing into the porous cell, is expended 
in decomposing the nitric acid, which, when the inatrument 
ia in action, gives off copiona nitrons fumea. 

150. Smee^s Battery. — ^This very efficient inatmment ia 
represented in the figure in the margin. Two 
plaieB of ziac, well amalgamated, are firmly 
held together againat a piece of wood, W, 
by means of a brass clamp and screw ; and 
between them is a plate of 8ilver,S, the aur- 
face of which has been coated over with 
met&llic platinum, in a state of fine powder, 
called platinum black. The zinc and silver 
plates are then suspended in a glass vessel, 
the piece of wood resting upon the top. A 
binding screw, constituting the,-f pole, is 
connected by a wire (which is insulated from , 
the brass clamp through which it passea) with (be silver 
plate, and another, coneiituiing the — pole, is soldered to the 
damp which holds the zinc plates in their places. The liquid 
used in the glass cup is sulphuric acid, diluted with 10 or 15 
limes its weight of water. 

The peculiar advantage possessed by this form of the bal- 
teryldepends upon the rapid evolution of hydrogen from the 
platinized silver plale.^ We have seen above (142) that the 
accuraulation of this gas upon the smooth surface of tlie 
copper plate, in the old arrangement, considerably retard^i 
tlie passage of the electric current, by preventing the liquid 
in a measure from coming in contact with the plate ; but 
this is avoided, in Smee'a arrangement, by the roughened sur- 
, face (rf the silver plate, produced by the platinum deposit. 

150. Deicribe Smec's bsciery. Upon what does the peculiar 
advantage of this battery depend 1 Why ia it Itul Ibe bjrdiogen 
eacape* so fVeeljr ftom lh« lilvet platea ? 



96 GALVANISM. 

151. Effects of Galvanic Elbctricitv. — The e^cfs 
produced upon bodies by the passage of the galvanic current 
through them, or sometimes even in their vicinity, are ex-* 
ceedingly various and important. They may be conveniently 
divided into the four classes of electrical, heating or calori- 
fic^ chemical^ and magnetic ef&cts. 

152. Electrical Effects, — ^By this phrase we mean those 
effects which are analogous to those produced .by ordinary 
or statical (138) electricity. Many of them are best exhi- 
bited by the broken circuit, and depend more upon the in- 
tensity of the fluid than upon its quantity. 

When the circuit of a powerful battery is broken, that is^ 
when the poles or electrodes are disconnected, both of them 
give signs of electrical excitement, if examined by the ordi« 
nary tests ; one of them being positive, and the other nega- 
tive, as before explained. 

A Leyden vial may also be charged by establidiing a 
communication between one of its surfaces and one of the 
electrodes, while the other surface is connected with the 
other electrode ; but the charge will always be feeble. 

Either of the electrodes will give a spark to a conductor 
presented to it, but it is shown best hy bringing the two 
polar wires in close proximity ; . and on establishing the 
communication between the electrodes by the hands^ pre- 
viously moistened, a powerful shock is felt, precisely like 
that produced by the discharge of the Leyden jar. 

153. Heating or Calorific Effects, — When the communi- 
cation between the electrodes is established by means of 

151. Into what four classes may the effects of galvauic electri* 
city be divided ? 

152. What is meant by the electrical effects? How are many 
of them best exhibited ? When will the poles of a powerful bat- 
tery exhibit signs of electrical excitement? How may the Leyden 
vial be charged by it? How may a spark be best shown ? What 
will be the effect of grasping tlie poles with the hands ? 

153. What is the effect upon a fine metallic wire, when made 



fine inelallic wires, ihey very soon become iotensely heated, 
and may even be melied or burnt. Tbua, golJ or silver 
leaf, interposed Id ttte cireuit, lake tire and buro with vivid 

Wlien pieces of well-burnt charcoal are attached lo tlie 
polar wires, on bringing them 
near each other, a most brilliai 
arc of flame appears between ihem, which will c 
some lime ; and the points are rapidly consumed, as if heated 
by any other means. But (he heating effect does nbt depend 
upon the combustion of the coal, since it is equally as great 
wlien the charcoal points are excluded from the air. 

The heating effucl of a galvanic current may be produced 
al great distances from the battery, and gunpowder or gun- 
CDiton and other combustibles ignited. ill// 

Let W be two copper wires, coaled with V.VpW^A?/ 

tarred twine, so as lo insulate them per- -f% -^^J^%^ 
fectly, having their extremities connecie<l ^■— tfwfc'/ 



by a very small plat 



1 wire soldered 



to iher 



shoi 



through the glass i 
C. Let ihe cup be n 
filled with gunpowder - 
or gun-cotion, and the other ends of ihe wires brought in 
contact with the poles of the battery; immediately on the 
passage of the current, the platinum wire will be heated, and 
the powder exploded. The wires, if well coated, may be 
extended under water, and a submarine magazine exploded. 
This method has been used for exploding the powder in the 
blasting of rocks. 



Ho> 






How may gold and silver leaf be igniled^ 
May tlie lieaiing effeola be 



pioduoed at a great diatanca from ttio bat , . .^ ..,^- 

thudof exploding gunpowiJer or gun«onun. Husv innya submaciDS 
•niBgazine be exploded ? 
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164. Chemical Effects. — ^The chemical effects of the gal- 
vanic current are seen chiefly in the decomposition of com- 
pound substances, one of the elements making its appearance 
at the positive, and the other at the negative electrode. Thus, 
when two gold or platinum wires are connected with the 
opposite ends of a battery, and their free extremities are 
plunged into the same cup of water, but without touching 
each other, hydrogen gas is disengaged at the negative, and 
oxygen at the positive wire. By collecting the gases in se- 
parate tubes as they escape, as in the 
apparatus figured in the margin (the 
wires of which are seen at the sides, 
and extend into the tubes above), they 
are found to be quite pure, and in the 
exact ratio of two measures of hydro- 
gen to one of oxygen. 

If other compound bodies, such as 
some acids and salts, are exposed to 
the action of galvanism, they are also decomposed, one of 
their elements appearing at one side of the battery, and the 
other at its opposite extremity. An exact uniformity in the 
circumstances attending the decomposition is also remarked. 
Thus, in decomposing water or other compounds, the same 
kind of body is always disengaged at the same side of the 
battery. The metals, inflammable substances in general, the 
alkalies, earths, and the oxides of the common metals, are 
found at the negative wire; while oxygen, chlorine, and the^ 
acids, go over to the positive surface. 

Those substances which appear at the positive side have 
been called electro-negative bodies, while those that are 

154. In what are the chemical effects of galvanic electricity 
chiefly seen? Where do the elements of the compound make their 
appearance? How may water be decomposed by the battery? 
At which pole are inflammable substances, the alkalies, and alka- 
line earths, &c., found ? At which pole oxygen, chlorine, and the 
acids? What are electro-positive, and what electro-negative bodies 1 
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separated at the negative wire are called electro-^pasUive 
bodies. 

The decomposition of a salt, which must be in solution, 
may be shown in the following manner: — Let two wine- 
glasses be filled with a solution of sulphate of soda, which 
is a compound of sulphuric acid i^nd sod», and let some 
fibres of moistened cotton be extended 
between them, as shown in the figure. 
If the current is then transmitted through 
the cups, the salt will soon be decom* 
posed, and the cup in connection with 
the positive electrode will be found to contain weak sulphu- 
ric acid, and that in connection with the negative electrode 
a solution of soda. If, now, a little red cabbage-water be 
poured into each, the acid liquid will become red, and tlie 
soda solution green. 

155. Contrary to what we might expect, it has been de- 
termined that all compoundsf'are noi) capable of decomposi- 
tion by this means ; and those that are thus decomposable 
are now very generally called electrolytes (from electron^ 
and luoj to unloose). CThe decomposition of a compound 
is also called its electrolysisS The positive electrode is called 
the anode^ and the negative electrode the cathode (from ana^ 
upward, kata^ downward, and odos^ a way). 

The elements of a compound capable of separation by this 
mode, are termed ions (from the Greek participle ton, going) ; 
the anion being the element which appears at the anode, and 
the cation the element which goes to the cathode. It will 

How may the decomposition of a salt, as sulphate of soda, be shown ? 
What colors will be produced in the two cups by red cabbage- 
water? When the salt is decomposed, in which cup will the acid 
accumulate? In which the soda? 

155. Are all compounds capable of decomposition by the electric 
cuireut? What are electrolytes ? Will a substance always make 
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at once be seen that the Hnions are electro-noga lives (148) 
and the cations electro-positives. 

It is not to be inferred from the remarks in paragraph 1 54 
that every substance wilt always make its appearance at the 
same electrode, whatever may be the other subalance from \ 
which it is separated by the electrolytic action. Oxygen 
does indeed always appear at the positive electrode, and po- 
tassium at the negative; but in the electrolyaes of the com- 
pounds of other substances, that element will appear at the 
positive electrode which is moit electro-negative, and that ut 
the negative which is most positive. 

156. EhetrO'Metallargy is the name applied to the depo- 
sition of the metals from their compounds by the cliemical 
agency of the galvanic current. We have seen above ( 147), 
in describing Daniel's battery, that during its action there is 
a constant deposition of metallic copper upon the negative 
plate. Now, if, for the copper plate in this arrangement, a 
medal, or coin, or other conducting body be substituted, the 
deposition of the copper upon it will lake 
place in the same manner, and all its minute 
peculiarities will be copied. An apparatus of 
this kind, called the electrotype, is llgured in 
the margin. 

A glass vessel is partly filled witJi a satu- 
rated solution of blue vitriol, containing a 
little sulphuric acid, and in this is placed a 
porous vessel, with its rod (147) of zinc. Z, 
having a binding screw at top. The nitJal 
or coin to be copied is then suspended in llie 
vitriol solution by means of a wire inserted 

ilB appeatanca at the s«me po]e, when aeparated from a compound 
by elecirolyBJiI 

156. What ia meant by electro-mBlnllurgjr? DBMritje the mode 
of copying a medal by electrolytic action. How may it be Jone 
by luio^B Smee's battery? 
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in the binding screw. The snrlace of ihe medal on which 
ihe copper is to be deposited should be perfectly clean, and 
Ihe other surface should be protected by a coating of wax 
or varnish. In the figure, two medals, M,M, are supposed 
to be connected at the same time with the zinc. 

A belter method than the above is to use a regular Smee'a 
battery, and to have the blue vitriol solulion in a separate 
vessel, as in the annexed 
figure. Then let the arti- 
cle to be copied. A, be 
connected with the zinc 
of the battery, and a plate 
of copper, C, with the sil- 
ver, both being suspended, 
at a little distance from 
each other, in the vitriol 

solution. By ihe action of the battery, the piece of copper 
will be gradually dissolved, and a corresponding deposite of 
metallic copper made upon the medal. 

157. Other metals besides copper may be deposited in 
this manner, but a battery of several cells is in most cases 
required. The most important application that has been 
made of this discovery is in depositing silver and gold in 
thin laminae upon other metals, called plating or gilding. 
For this purpose a Daniel's or Smee's battery of about four 
cells answers well, and|p fifth, which is called the depositing 
cell. This is filled witFi'a solulion of cyanide of potassium, 
and used in the same manner as Just described (156) for 
obtaining a deposit of copper, except that silver or gold must 
be used instead of ihe copper, C, according as one or the 
other of these metals is to be precipitated. 

157, May goM and silver and otliec metsls be depoaiied in iho 
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158. Magnetic Effects, — The magnetic effects of the gal- 
vanic current are exceedingly interesting and important, and 
constitute a distinct branch of science, called Electro-Mag- 
netism. 

m 

ELECTRO-MAGNETISM. 

Natural Magnet, or Loadstone,— Among the ores of iron, 
pieces are often found which possess the property of attract- 
ing and retaining pieces of iron or steel with more or less 
force, and are called magnets or loadstone. Each magnet 
always has two points in which the attractive force appears 
to be concentrated, which afe called the poles. They are 
always readily found by rolling the magnet in iron filings, 
which will be collected more at these points than in other 
places. Generally they are nearly opposite to each other. 

(See figure.) If a magnet is 
broken into several pieces, each 
always retains the same mag- 
netic properties as the whole 
mass, but in less degree. Sometimes a magnet has more 
than two poles. 

159. If a magnet be suspended horizontally by a thread, 
or placed upon a piece of cork floating in a vessel of water, 
one of the poles will turn towards the north, and is hence 
called the north pole^ and the oth^o wards the south, and 
is called the south pole. ^ 

If two magnets thus suspended are brought near each 
other, it will be found that like poles repel each other, but 

158. What is the natural magnet or loadstone? How may its 
poles be found? 

159. What position will a small magnet take, when made to 
float upon a piece of cork in water ? How are the poles of a mag- 
net designated? When two magnets are suspended near each 
other, how do like poles afiect each other? How unlike poles? 
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unlike poles attract. These attractions and repulsions ex- 
tend to some distance, and are not afiected by the interposi- 
tion of other bodies^ not capable of becoming magnetic. 

Two magnets of the bar form, placed near each other, and 
free to move in any direction, would therefore tend to ar- 
range themselves side by side, with their poles reversed, as 
indicated in the figure in the 
margin. But recent discoveries mJi 
have shown that th^re is a class ^^*— 
of substances which, when brought near a powerful magnet, 
lend to arrange themselves across it at right angles. Such 
bodies are called diamagnets. 
The position which a magnet 
and diamagnet of the bar form 
tend to take, when brought near || 
each other, is shown in the ac- 
companying figure. The expe- 
riment can be shown only by a 
powerful electro-magnet. 

160. Magnetic Induction, — ^When either pole of a magnet 
is brought in contact with a piece of soft iron, or only very 
near it, the iron itself becomes magnetic, and remains so 
until tKe 
' magnet is 
removed. 
The fig- 
ure in the 
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margin 
re pre - 
senls several pieces of iron, placed in diflferent positions near 



160. What is the eiFect upon a piece of iron, when brought near 
one of the poles of ^a magnet? When a piece of iron is attracted 
by a magnet, is it always rendered magnetic ? Does its magnetism 
remain after it is removed from the magnet ? 
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the poles of a magnet; on examination, they will all be 
found to have the magnetic property, their poles being deve- 
loped as indicated by the lettets N and S. This influence 
of a magnet upon pieces of iron, which extends to a distance 
around its poles, is called its inductive influence. 

Whenever a piece of iron is lifted by a magnet, this 
eflTect is of course produced ; and to the first piece a 
second may be attached, and to the second a third, and 
so on. When the connection with the first magnet is 
broken, the pieces of iron instantly lose their magnet- 
ism, and fall asunder. 

161. Pieces of hardened steel will also be affected 
in a similar manner, but much less readily, and, unlike 
iron, they retain the magnetism that has been induced. 
They therefore become permanently magnetic, and for 
nearly every purpose are superior to the natural mag- 
net. The same magnet may be used successively to 
magnetize any number of steel bars, without losing any 
of its virtue, if the bars be not too large ; from which 
it follows that the magnet communicates nothing to 
them, but only by its influence developes some hidden 
principle already there. Artificial magnets are frequently 
made in the form of the horse-shoe, and are called horse- 
shoe magnets. To the poles a short piece of soft iron is 
usually accurately fitted, called the armature or keeper, 

A slender bar of magnetized sfeel, suspended upon a pivot, 
so as to revolve freely, constitutes the magnetic needle. 
Sometimes it is attached to a circular card, and suspended 
upon a pivot, as in the mariner's compass. 

162. If a steel bar be suspended by its centre of gravity, 

161. Will pieces of steel be affected in a similar manner? Do 
they retain the magnetism thus acquired ? What is the magnetic 
needle? ^. 

t62. If a slender bar of steel is suspended by its centre of gra- 
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and afterwards carefully magnetized, it will be found not 
only to place itself in the magnetic meridian, but to assume 
a position inclined to the horizon. In northern latitudes, 
the north pole will be depressed and the south pole elevated, 
while in southern latitudes the south pole will be depressed. 
The angle of inclination is generally nearly the same in the 
same place, and is called the dip of the needle ; and a needle 
nicely balanced and adjusted for showing the dip is called a 
dipping needle. 

163. The magnetic needle does not always point to the 
true north and south, but deviates more or less from this 
position at different times and places. This is called its 
variation. At Philadelphia, in 1840, the variation was 3° 
52' W., and at Middletown, Conn.j about 6° 40'. The dip 
is also subject to constant change ; at the present time it is 

.* about 70° 30' at Philadelphia, at New York 73° 0', and at 
' Middletown, Conn, 73° 30'^ 

164. Terrestrial Magnetism.— The earth maybe consi- 
dered as a great natural magnet, which, by its action on the 
needle, in the same manner as any other magnet, causes it 
to place itself in the position of north and south. Indeed, 
it is by the inductive influence of the earth that magnetism 
is developed in bodies upon its surface. This is shown in 
bars of iron or steel that have stood long in a vertical ,posi- 
tion, which are always found to be magnetic. Tongs and 
pokers, from their being usually kept in an upright position, 
are almost always found to be magnetic. 

As it has been agreed to call that pole of the needle which 

vity, and afterwards magnetized, what position will it take ? What 
is the dipping needle? 

163. What is meant by the variation of the needle ? Is the va- 
riation constant in any place 1 

164. What may the earth be considered? How are bars of iron 
affected by standing long in a vertical position? What is said of 
tongs and pokers ? Which is the north pole of the needle ? What 
kind of polarity mnst the north pole of the earth have ? 
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points northward, the north pole, it is evident that the pole 
of the earth situated north must he a south pole ; that is, it 
must possess southern polarity. So, also, the south pole of 
the earth must possess northern polarity. 

165. Relation between the Electric Current and Magnet' 
ism.-r-H has heen long known that a discharge of lightning 
will often affect seriously the magnetic needle, sometimes 
reversing its poles ; hut it was not until 1819 that (Ersted 
made his famous discovery, which has served as the basis 
of the beautiful science of Electro-Magnetism. 

He first observed that when the wire, connecting the elec- 
trodes of an active galvanic battery, is brought near a mag- 
netic needle, it is made to deviate from its ordinary position, 
and assume a new one, depending upon the direction of the 
current and the position of the wire in regard to the needle. 
Thus, the needle being in its natural position, — 1st, if the 
connecting wire be above the needle and parallel to it, the 
pole next the negative electrode will move westward; 2d, if 
the wire be beneath the needle, it will move eastward ] 3d, 
if the wire is on the west side, this pole will be depressed ; 

and, 4th, if it be on the east side, 
it will be elevated. The figure 
in the margin indicates the mo- 
tion that will be produced in the 
first of the above cases. 

If the wire be placed under the 
needle, and the current made to 
pass from north to south, the 

165. What effect is often produced on the magnetic needle by a 
discharge of lightning? What was the discovery of (Ersted in 
regard to the effect of a current of electricity upon the magnetic 
needle 1 When the current is made to pass over the needle in a 
line parallel with it, in what direction will the pole next to the 
negative electrode move? If the current passes under the needle 
in the oppo&ite direction, what will be the effect? What will be 
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motion of the needle will be the same as indicated in the 
figure. 

Therefore, if the wire be bent around the needle, in the 
form of a rectangle, so as to convey the current in one di- 
rection above the needle, and 
back again, in the opposite di- 
rection beneath it, both parts 
will conspire to produce the 
same effect, and the motion of 
the needle will be much in- 
creased A Such an arrangement is 
represented in the annexed figure. 

In all these cases, the tendency of the needle ii^'to settle 
directly across the wire"^ or at right angles to the direction 
of the currei^t, while the influence of the earth is exerted to 
bring it in its first position^ parallel with the wire.y The 
position it will ultimately take will therefore be intermediate 
between the two. 

166. To avoid the directive influence of the earth upon 
the needle, the astatic (from the Greek astatos^ unstable) 
needle has been contrived. It consists of two needles, of 
nearly equal strength, fixed to axes, with 
their poles reversed in reference to each 
other, and suspended by a thread, as 
shown in the figure. One of the needles 
being a little more highly magnetized 






than the other, or a little larger, they ^ 1 ^. ^ 

will have a slight tendency to settle in ~ ^ ' ^ 



the meridian. If, now, a wire is bent several times around 
the lower needle, each turn or coil 'being coated with some 

the effect of winding the wire several tinnes around the needle, in 
the form of a rectangle ? In all these cases, what position, in re- 
ference to the wire, is it the tendency of the needle to take ? Why 
does it not actually take this position ? 

166. How is the astatic needle constructed ? Why is the con- 
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insulating substance, when the current is passed around it, 
its influence on both needles hvill be to turn them in the 
same direction ; >and the arrangement becomes a most deli- 
cate instrument for indicating the 
passage of the feeblest currents. 
Such an instrument is called a gah 
variometer. To protect it from cur- 
rents of air, thQ whole is usually en- 
closed in a glass case ; and beneath 
the upper needle, and above the coil 
of wire, a graduated circle is placed, 
to indicate exactly the comparative 
deflections of the needle. 

Such an instrument, in connection 
with a thermo-multiplier (139), be- 
comes a most delicate thermometer, 
which is capable of indicating: a 
ilB^^^^^^^^^^ change of temperature of only a very 

small fraction of a degree. 

1 67. Tangential Force. — By a careful inspection of the 
motions produced in the needle by the current in the several 
positions of the wire, as described in paragraph 165, it will 
be evident that the real tendencyr'of each pole is to revolve 
around the connecting wire in a circle,. the plane of which 
is perpendicular to the wire, the north pole in one direction 
and the south pole in the other.' The force which causes 
this motion is exerted in lines which are tangents to the 
circu'mference of these circles, and is therefore called(^a taU" 
genital force, . 

The motion of the needle acttuilly produced will of course 




ducting wire made to pass several times around the lower needle? 
What is such an instrument called ? 

167. What is the real motion that the current tends to produce 
in each pole of the needle? What is the force which produces 
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depend upgn the mode in which it is supported, as well as 
the position of the wire in reference to it. 

If we suppose the conducting wire to be placed in a ver- 
tical position, and the current 
of positive electricity to" be 
descending through it, the ten- 
dency of a north pole in the 
vicinity of the wire will be to 
move around it in a horizontal 
circie^in the direction indicated 
by the arrows in the figure, or 
in the direction of the hands 
of a watch with the dial upward. The tendency of the 
south pole would be to revolve in the opposite direction. 
If the direction of the electrical current is reversed, and made 
to pass upward, both poles would tend to revolve in the 
opposite direction from that described above. Whatever 
may be the position of the conducting wire with reference 
to the needle, the motions produced will always be in ac- 
cordance with these principles. 

It requires no reflection to perceive that, if the pole of a 
magnetic needle tends to revolve around a fixed conducting 
wire/^a free wire will have a tendency to revolve around the 
pole of a fixed needle. ' 

168. Both the revolution of a pole around a fixed wire, 
and the revolution of a wire around a fixed pole, may be 
shown by the apparatus, a section of which is seen in the 
cut at the top of the next page. A and B are two glass ves- 
sels, filled nearly to the top with mercury. A wire, sup- 
ported by a pillar between the vessels, has one end bent 

this motion called ? Suppose the current to be descending on a 
wire' held perpendicularly near the north pole of a needle, in what 
direction does it tend to move around it? U the pole is fixed, does 
the conducting wire tend t6 move around it? 

168. May both these motions be shown experimentally? 
10 
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down 80 as to dip 
into the mercury in 
A ; and the other end 
is bent into a hook, 
on which a short 
piece of wire is sus- 
pended, so that its 
lower end shall also 
dip into the mercury 
in the vessel B. Con- 
ducting wires pass 
] through the bottoms 
of both vessels, with binding screws, CD, to connect them 
with the poles of the battery; and to that in A, a small 
magnet is attached by a thread, so that one of its poles may 
be a little above the surface of the mercury; and in the ves- 
sel B another small magnet is firmly fixed, with one pole 
a little above the mercury. When the current is passed 
through this apparatus, as- indicated by the arrows, the upper 
pole of the magnet in A will revolve slowly around the con- 
ducting wire, and the free conducting wire suspended in B 
will revolve around the fixed pole near it. 

169., Magnetism of the Conducting Wire, — ^The conduct- 
ing wire, while the current is passing, readily attracts iron 
filings ; but if it is bent into a coll or helix, and a magnet 
brought near it, the attractions and repulsions, precisely like 
those of two magnets, are at once seen. 

Two wires, on which the current is passing in the same 
direction, are attracted in the same manner as unlike poles 
of two magnets ; if the current is passing in opposite direc- 
tions, they are repelled. 

De la Rivers Ring is a beautiful contrivance to show the 

169. How is it shown that the wire becomes magnetic while 
the fluid is passing? Describe De la Rive's ring. What may 



ELECT&O-UAGNeilSM. Ill 

attractions and repulsions of a current by the poles of a 
ma^et. A copper wire is bent 
into a circle abont an inch in 
diameter, and the two ends 
passed through apiece of wood 
or cork, and soldered, one to a 
slip of zinc, Z, and the other to 
a slip of copper, C. If, now, it 

be placed in a bowl of water containing a little acid,a current 
of electricity wilt circulate along the wire, in the direction 
of the arrows ; and if a bar magnet be brought near it, it will 
be attracted or repelled, according as one pole or the other 
of the magnet is presented to it. As represented in the 
figure, if the north pole of the magnet is presented to it, it 
will be attracted ; the south pole will lirst repel it, but in a 
litlle time it will turn around, and will then be attracted. 
We may, therefore, properly regard it as a fiat magnet, having 
its two poles in the centre oPthe circle, the one on one aide, 
end the other on the other; the south pole being in that sur- 
face on which, when held before you, the positive current 
flows in the direction of the hands of a watch. The appa- 
ratus will be more powerful if the conducting wire, covered 
with silk, to prevent lateral communication, be formed into 
several circles of the same diameter, on the principle of the 
multiplier. If the circle is made three or four inches in dia- 
meter, it will settle in a position facing ihe north and south ; 
thus showing that it is influenced by the earth's magnetism, 
f like the magnetic needle. 

The efect will be still more decided, if the wire ia bent 
in the form of a helix, four or five inches in length, and sus- 
pended in such a manner that it can move freely while the 
current is passing through it. The helix then strikingly 

we legoid it? From what do all these molions neceesuily 
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resembles a bar magnet, having its polefi developed at its 
extremities. 

All these motions result necessarilj/from the tangential 
force^as above (167) explained; and the intelligent student 
vfill seldom find a more interesting or instructive exercise 
than in tracing out the connections betweeq them and this 
force. Our limits forbid our going more into details. 

170. Induction of Magnetism by a Current. — 'Magnetism 
is induced in a small piece of soft iron by the simple pas- 
sage of a current near it, in a direction at right angles to it. 
I .Thus, if WI be the conducting wire, and 

NS a small piece of iron lying under the 
wire, while the current is passing, mag- 
i« netic polarity will be induced in the iron, 
N being a north pole, and S a south 
pole, when the current passes from W 
to I ; but if the current pass from I to 
W, the poles will be reversed. 

But, if the wire is made to pass around the iron many 
timesji^the effect will be greatly increased. \ This is accom- 
P 2V plisheu by placing the 

iron in a helix of wire, 
as shown m the figure. 
The current beiiig then 
made to pass in the di- 
rection of the arrows, the 
iron becomes strongly magnetic, with its poles as shown by 
the letters N and S. The cups P and N serve to connect 
it with the battery. When the current is broken,<.the iron 
ceases at once to be magnetic ; but if a piece of hardened 

170.' By what simple mode may magnetism be developed in a 
small piece of iron by a current ? What will be the effect of wind- 
ing the wire several times around the iron? What is the effect 
when the current is broken ? What is a magnet produced in this 
manner called ? Have they been made of great power? 
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steel be Bubatituted for the iron, it retains iti mBgDetisni per- 
mlhentljr. 

A magnet formed in this manner, by the passage of a cur- 
rent of electricity around it, is very properly termed m^lee- 
tr(Hmagnet.\ Magnets of this kind have eometimes been 
made of silSclent strength to sustain a weight of 2000, or 
even 3000 pounds. For this purpose, a bar of iron of con- 
siderable size is bent in the form of a horse- 
shoe, and the conducting wire made (o pass 
many times around it, as represented in the 
figure. An armature of soft iron (161) is at- 
tached to the poles, as with (he.coniman mag- 
net, from which the weights are suspended. 
As staled above, when the current of electri- 
city is interrupted, the magnetism will be im- 
mediately destroyed, and the weights drop off. 

171. The Magie Circle, as it has been tt 
too much interest to be here omitted, though 
no new principle is developed by its action. 
Two seraicirclea, A and B, are made of a 
stout bar of soil iron, and well fitted together, 
so as to form a circle, C, and include a small 
helix of wire, H, the two ends of which are 
to be connected with ihe electrodes of a 
small but active battery. While the current 
is passing, the semicircles are made power- 
fully magnetic, and wdl adhere with a force 
which is capable of sustaining a weight of 
many pounds. 

The wire used in all these arrangements 
is supposed to be wound with some insulating substance, as 
silk or cotton, to prevent the contact of the separate coils, 
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which would permit a lateral discharge of the current, bo 
that it would not pass around the whole length of the tvire.J 

172. /AagnetUm of the Earth.— We haxe seen aboTe (184) 
that the earth may be considered sa a great magnet, having 
its south pol^somewhere near ita north geographical pole^ 
and its north pole near its south geographicat pole; and it 
haa been suggested itial this may be occauonedChy currents 
of electricity flowing around it, beneath its surface^ from east 
to west, or in the direction opposite to that of its motion on 
ila axis. 1 Indeed, it has even been suggested that these cur- 
rents'may have their origin in the heating infiuence of the 
sun's raysjjas successive portions of the earth's surface come 
under (heir influence by its daily motion; but this is to be 
regarded as only plausible conjecture. That the needle 
would be influenced by such a current, precisely as it really 
is, at diilerent points of the earth's surface, may be shown 
by winding a covered wire several 
times around the equator of a com- 
mon globe, and placing a small 
magnetic .needle upon it while the 
current is passing, as shown in the 

173. Ehetro-Magnetic Engimt. 
— All the above motions, it will bo 
observed, whether of the magnetic needle or of the conduct- 
ing wire, have been produced by the tangential force ; but 
various machines have been devised, called electro-magnetic 
engines, for producing motion by the direct influence of pole 
upon pole of magnets, one of which, at least, must be that 
of an electro-magnet., Kumerous machines of ^is kind 

172. Where is Ihe soulh magnelio pole of llie eartli aituaied l 
How may Ihe polarity of ihe eanh be occasioned 1 lit what mode 
may tliis curreiil in the earth be generated ? 

173. What is an electio-magnelic engitial Have <uch iatuu- 
meatB been applieJ to any ptaclioal purpoael 
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have, be6n constructed, capable of producing rapid rotary 
motion ; but i^has not/yet been found practicable to adapt 
them for aiiy useful purpose. 

174. Indnctixm of a Current by a Current. — If the con- 
ducting wire of a galvanic battery is made of considerable 
length, and another wire is placed by its side, parallel to it, 
having its two ends bent around, so as to come in contact, 
when the circuit of the battery is closed, a secondary cur- 
rent will be induced in the wire, flowing in the opposite di- 
rection to that of the battery or primary current ; and on 
breaking the battery circuit, another secondary currenK^ill 
flow through the wire, in the same direction as the battery 
current. \ 

This is best shown experimentally in the following man- 
ner: — Let A be a coil of large 
copper wire, or, better, of copper 
ribbon, covered with some non- 
conducting substance, and having 
binding screws attached to each 
end, to receive the polar wires of 
the battery. Above this is placed 
a coil, W, of fine covered wire, 
with a handle at each end ; and 
when the battery current is made 

to pass through the lower coil, another, called a secondary 
current, will be induced in the upper coil, as will be plainly 
indicated by grasping the handles with the moist hands. But 
it is to be observed that the duration of this secondary cur- 
rent is only momentary, and ceases at once, though the bat- 
tery current be continued. When, however, the battery 




174. Describe the mode of inducing a secondary current by 
means of the current of a battery. In what direction does the 
secondary current flow, when the battery current commences in 
the \ower or ribbon coil 1 In what direction when it ceases ? 
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current is discontinued, another secondary current is induced 
in the wire coil, which flows in the same direction as the 
battery current, as above stated. It is evident, therefore, 
that the effect of the shocks will be increased by rapidly 
breaking and closing the battery circuit, the feeble intensity 
of the shocks being compensated by their frequency. 

By arrangements altogether similar to the above, with 
•additional coils, tertiary currents have been produced, and 
others of still higher orders, even up to the seventh. 

175. Induction of Electricity hy Magnetism, — Magneto^ 
JEleciricity. — ^Magneto-electricity, as the term implies,/is the 
reverse of electro-magnetism. The current of galvanic elec- 
tricity circulating around a bar of soft iron, converts it, as 
we have seen, into a temporary magnet, and renders a bar 
of steel permanently magnetic. Now, d pri^ri^ it would 
seem very probable that a magnet placed in the centre of a 
helix or spiral of metallic wire, would develope in it a cur- 
rent of electricity. This is found to be actually the case ; 
but the current can be observed only at the moment of in- 
serting the magnet or removing it. 

The development of electricity by mag- 
netism is shown in a very simple manner, 
by winding the middle of the keeper or ar- 
mature AB, in the figure in the margin, of a 
powerful horse-shoe magnet, with copper 
wire, properly bound, and bringing the two 
extremities of the wire into contact, one of 
whifeh should be flattened a little, and amal- 
gamated by dipping it into a solution of ni- 
trate of mercury, and the other filed to a 
point. If, now, the armature be suddenly 
placed upon the magnet or removed from it, a spark of elec- 




175. What is magneto-electricity? Describe the mode of deve 
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tricity will manirest Jlaelf every lime, at the point of contact, 
C, of the two exlremitiea of the wire. 

The electric current flows in one direction at the moment 
magnetism is induced in the soft iron enclosed in the coil 
of wire, and in the other direction, when its magnetism is 
destroyed. 

Hagneto.«leciric machines are now made, whicli act with 
great energy, producing all the efiects both of quantity (146) 
and intenBtty. 



The above figure, from Davis's excellent « Manual," re- 
presents a machine of this kind, called a magneto-electric 
machine. Several steel magnets, NS, are firmly fixed toge- 
ther upon pillars on a base board ; and in front of the poles, 
a soft armature, A, in the form of the letter U, having ils two 
arms wound with 3000 or 3Q00 feet of fine insulated wire, 
is made to revolve on an axis by means of the muliiplying 
wheel W. As the armature is made to revolve in front of 
the strong poles of the fixed magnets, magnetism is indacW 
in it (175), currents of electricity being at the same lime 
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made to flow through the coils of wire wound upon its arms, 
in accordance with the principles just explained, which are 
communicated by wires, concealed under the base board, to 
the metallic handles, H, by the wires CD. The arrangement 
by which the current is received from the coils upon the 
armature, is very complicated, and can be but imperfectly 
represented in a figure ; and the inexperienced student will 
generally find it impossible to obtain a clear understanding 
of it, without having the machine before him. 

176. The Electro-Magnetic Telegraph. — ^This is an in- 
strument for conveying intelligence instantaneously, by means 
of the galvanic current, to any distance, where metallic wires 
can be extended and properly secured. 

We have seen above (170), that the current, when made 
to pass around pieces of soft iron, renders them magnetic 
^ile the current is passing, but that they lose their magnet- 
ism instantly when the current is interrupted. Usually, 
the experiment is performed with the battery and the piece 
of iron in the same room, and even upon the same table, but 
this is not necessary. If the battery be in one room, and 
the piece 6f iron in another room, or in another building at 
a distance, the result will be the same, only a little increase 
in the pow^r of the battery will be necessary. All that is 
required i^ that good conducting wires, well insulated, should 
extend from the battery and form a helix around the iron, 
and on closing the circuit, whatever may be the distance of 
the iron from the battery, it instantly becomes magnetic, and 
loses its magnetism again when the circuit is broken.X The 
dosing and breaking of the circuit can be performed at any 
pdint in the line, but we suppose it to be done at the battery. 
y thus closing and opening the circuit, connected with a 

176. How may a piece of soft iron be rendered magnetic at. a 
great distance from the battery? May the current be made to 
produce a system of marks at a distance, without the aid of a 
magnet? 
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magniet that acts upon the proper machinery, systems of 
arbitrary marks, and even the letters of the alphabet, may be 
instantaneously formed, by various modes, at any distance 
from the operator, and intelligence thus conveyed. A full 
description of Morse's electro- magnetic telegraph is given in 
the author's larger work (edition of 1849), page 111. In- 
deed, the current may be made to act directly upon prepared 
paper at a distance, to produce a system of marks, without 
the aid of a magnet. This is understood to be the mode 
adopted by Mr. Bain in his telegraph, which has been re- 
cently patented in this country. 
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PAKT II. 

PHILOSOPHY OF CHEMISTRY. 

ELEMENTS CHEMICAL A F FI N I TT-— CI RC U M- 

STANC^S MODIFYING THE ACTION OF AF- 
FINITY. 

177. Elements, — It has been stated that we consider all 
substances as simple, or elementary, that have not been de- 
composed. Of the exact number of these we cannot speak 
with certainty, as the existence of two or three, the disco- 
very of which has been announced, has not yet been suffi- 
cimitly verified. The number included in our table, on a 
succeeding page, is fifty-six ; but of two of these, little com- 
paratively is known. Besides these, there are at least three 
others, the existence of which, it is claimed, has been detei^ 
mined ; but so little is known of them, if even the fact of 
their existence has been proved, that they are not considered 
as entitled to a place on our list. 

178. The elementary substances are usually divided into 
the two classes of non-metallic and metallic, thirteen being 
included in the former, and the remainder in the latter class ; 
but several of each class possess characters so peculiar, that 
it is difficult to assign them their proper place. 

179. Affinity, — Affinity, or chemical attraction, has alrea- 
dy been mentioned as one of the forces with which the 

177. What is the number of simple substances ^nown 1 Have 
others been discovered? 

178. Into what two classes are the elementary substances usu- 
ally divided? 

179. To the action of what force are all chemical changes to be 

(120) 
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particles of eyery kind of matter seem to be natundly en* 
dowed. It is to the action of this force that all chemical 
changes, and the accompanying phenomena, are to be attri- 
buted. If two elements unite to form a compound, it is this 
force which occasions it ; and if a compound of two or more 
substances, already formed, is destroyed by the action of 
another element, it is to this force we are to look for the 
cause of the change. 

Affinity is exerted only between the minutest particles of 
different kinds of matter, causing them to combine so as to 
form new bodies, endowed with new properties. It acts 
only a|(lnsensible distances ; in other words, apparent con- 
tact, or the closest proximity, is necessary to its action. 
Every thing which prevents such contiguity is an obstacle 
to combination ; and any force which increases the distance 
between particles already combined, tends to separate them 
permanently from each other. It follows, therefore, that, 
though affinity is regarded as a specific power, distinct from 
the other forces which act on matter, its action may be pro- 
moted, modified, or counteracted by them ; and, consequently, 
in studying the phenomena produced by affinity, it is neces- 
sary to inquire into the conditions that influence its ope- 
ration. ^ 

180. The most simple instance of the exercise of chemi- 
cal attraction is afforded by the admixture of two substances. 
Water and sulphuric acid, or water and alcohol, combine 
readily. On the contrary, water shows little disposition to 
unite \fith sulphuric ether, and still less with oil ; for, how- 
ever intimately their particles may be mixed together, they 
are no sooner left at rest than the ether separates almost en- 
tirely from the water, and a total separation takes place be- 

attributed? Between what only is affinity exerted? At what 
distance only does it act ? May the action of affinity be counter- 
acted or modified by other forces ? 

180. What simple instance of the action of affinity is mentioned ? 
11 
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tween that fluid and the oil. Sugar dissolves very sparingly 
in alcohol, but to any extent in water ; while camphor is 
dissolved in a very small degree by water, and abundantly 
by alcohol. It appears, from these examples, that chemical 
attraction is exerted between different bodies with different 
degrees of force. There is sometimes no proof of its exist- 
ence ; between some substances it acts very feebly, and be- 
tween others with great energy. 

181. Affinity is therefore said to he elective, as, when se- 
veral substances, capable of combining, are mixed together, 
a particular compound is always formed, in preference to 
others. Thus, if sulphuric acid, soda, and lime are at any 
time mixed together, the acid will always combine with the 
lime, in preference to the soda. 

182. Decomposition of a compound is often eflfected by 
presenting to it a third substance, having a stronger affinity 
for one of the ingredients of the compound than those ingre- 
dients have for each other. • Thus, oil has an affinity for the 
volatile alkali, ammonia, and will unite with it, forming a 
soapy substance called a liniment. But the ammonia has a 
still greater attraction for sulphuric acid ; and hence, if this 
acid be added to the liniment, the alkali will quit the oil, 
and unite by preference with the acid. If wate^jbe poured 
into a solution of camphor in alcohol^'the camphor will be 
set free, because the alcohol combines with the water. Sul- 
phuric acid, in like manner, separates baryta from nitric acid. 
Combination and decomposition occur in each of these cases ; * 
— combination of sulphuric acid with ammonia, of water 
with alcohol, and of baryta with sulphuric acid ; — decom- 

Why does sugar dissolve more readily ia water than in alcohol? 
Why does camphor dissolve more readily in alcohol than in water? 

181. Why is affinity said to be elective 1 

182. How is the decomposition of a compound often effected? 
What will be the effect of pouring water into a solution of cam- 
phor in alcohol? How is this result explained? What will b« 
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position of the compounds formed of oil and ammonia, of 
alcohol and camphor, and of nitric acid and baryta. 

The action becomes more complex when two compounds 
are presented to each other, of such a nature that a transfer 
of elements takes place between them. Thus, in mixing 
together a solution of carbonate of ammonia, and another of 
hydrochlorate of lime^ the carbonic acid of the first compound 
unites with the lime of the second, while the hydrochloric 
acid of the second combines with the ammonia of the first. 

183. Circumstances which modify the Action of Affinity. 
— ^These are numerous, and a few only will be mentioned. 
The most important, probably, is the state, or form, of the 
substances ; that is, whether it be solid, liquid, or gaseous. 
It is very rarely the case that two solids are capable of com- 
bining, unless one of them at least is first made liquid, either 
by solution in some solvent, or by melting. Thus, tartaric 
acid and carbonate of soda,, in a dry state, are kept together 
for any length of time, without any action taking place 
between them; but if a little water be added to dissolve 
them, chemical action at once ensues, attended with violent 
effervescence.^ Phosphorus and iodine, though both are 
solids, and phosphorus and sulphur, will indeed combine 
when brought together in their ordinary state ; but even in 
these cases, one or both of the substances are made liquid 
during the action. 

184. Cohesion (for it is this force which unites the parti- 
cles of a solid) is therefore always opposed to the action of 
affinity; and whatever tends to diminish it in bodies capable 

the result when solutions of carbonate of ammonia and hydrochlo- 
rate of lime are mixed ? 

183. What is probably the most important circumstance that 
modifies the action of affinity? Are two solids usually capable of 
acting upon each other ? What is said of tartaric acid and car- 
bonate of sodal What is said in this connection of phosphorus 
and iodine? 

184. Is cohesion always opposed to the action of affinity? Why 
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of acting upon each other, facilitates their union; Heated 
water is therefore usually a more powerful solvent than 
when cold ; and salt in fine powder will be dissolved more 
rapidly in water, than when in large lumps. 

185. The gaseoiis state is also unfavorable ; to the action 
of affinity. Gases do indeed, in some cases, combine spon* 
taneously, but, usually, the introduction of an ignited body, 
the electric spark, or, in some cases, the influence of the 
sun's rays, is needed to cause the action to commence. 
Thus, a mixture of oxygen and hydrogen may be kept for 
any length of time ; but the introduction of flame, or the 
passage of the smallest spark of electricity, will cause them 
to combine instantly, with a powerful explosion. 

186. Contact toiih a third bod^ sgmeimea will cause a 
union of two elements, that would otherwise remain together 
without combining.' Thus, the introduction of a piece of 
spongy platinum into a mixture of oxygen and hydrogen, 
produces an explosion in a few seconds, without any change 
being produced in the metal, except that it becomes intensely 
heated. This power of some bodies to produce chemical 
changes, merely by their presence, is termed catalysis (from 
the Greek kata^ by, and 7uo, to unloose). 

187. Mechanical action also favors the actioi\>)f affinity. 
Thus, if a piece of phosphorus be wrapped, with' a few crys- 
tals of chlorate of potash, in a piece of tin foil or strong 
paper, a smart blow will cause a violent explosion. Com- 
mon friction matches are ignited by friction against sand- 
paper, or other hard substance. * 

is salt or other substance more rapidly dissolved in warm than in 
cold water? 

185. Is the gaseous state favorable or unfavorable to chemical 
action? Do gases sometimes combine spontaneously? Is this- 
usually the case? 

186. What is said in this connection of contact with a third body? 

187. How may a piece of phosphorus be inflamed in contact 
with crystals of chlorate of potash ? 
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188. Relatwe quantity of matter is the last circumstance 
we mention, as afi^cting the action of this force. What is 
meant hy this may be illustrated by the solution of common 
salt in water. If equal quantities of the salt are added in 
succession to the water, the first portion will disappear in 
less time than the second, the second in less time than the 
third, and so on. As the relatiire quantity of salt contained 
in solution increases, the action of the water becomes enfee- 
bled, until full saturation takes place. If a large quantity of 
salt had been added at first, the full saturation of the water 
would have taken place much more speedily. 

189. Changes that accompany the Action of Affinity. — A 
change of properties, to a greater or less extent, always at- 

^ tends chemical action; but no means are yet known by 
which we can predict what any of these changes will be in 
any case, previous to making the trial. 

Often, when two bodies unite, the characteristic properties 
of both will disappear, and the bodies are said to miUralize 
each other. Thus, the acids are usually sour to the taste, 
and possess the power of changing the blue color of some 
vegetables to red ; while the alkalies are exceedingly caustic 
to the taste, and change vegetable blues to green. Now, 
when an acid and an alkali unite, a new substance is formed, 
called a salt, which is mild to the taste, and produces no 
effect whatever upon vegetable colors ; and, indeed, while it 
possesses many new properties of its own, exhibits none of 
those of either of its ingredients. 

This change may extend to any or all of the properties 

188. If several eqaal small portions of salt be added successively 
to a portion of water, which portion of salt will be soonest dis- 
solved? What reason is given? 

189. Does any essential change of properties take place in bodies 
•when they unite ? When are two substances said to neutralize 
each other ? How is this illustrated by reference to an acid and 
an alkali ? May the change extend to all the properties of a body? 
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of bodies. (1.) Bodies, after combining, do not usually oc- 
cupy the same space they did before combination. Grene- 
rally, a contraction of volume takes place, but this is not 
universal. A pint of water, added to a pint of sulphuric 
acidf^ill not produce a quart of the mixture ; and the same 
will be found true of water and alcohol. When two gases 
combine, a very great contraction often takes place ; but the 
result with different gases is very different. (2.) The changes 
of form that attend chemical action are exceedingly various. 
The combination of gases may give rise to a liquid, as in 
the union of oxygen and hydrogen to form water ; or to a 
solid, as in the union of carbonic acid gas and ammonia to 
form solid carbonate of ammonia ; or hydrochloric acid and 
ammonia, to form hydrochlorate of ammonia. Two solids 
may, in combining, form a liquid, as is the case when crys- 
tals of sulphate of soda and nitrate of ammonia are rubbed 
together in a mortar, or acetate of lead and alum. Solids 
may also, in combining, form gases, as is the case when 
gunpowder detonates. Two liquids,' by uniting, may form 
a solid, as may be shown by pouring sulphuric acid into a 
solution of hydrochlorate of lime. (3.) Chemical action is 
frequently attended by change of color. No uniform rela- 
tion has been traced between the color of a compound and 
that of its elements. Iodine, whose vapor is of a violet hue, 
forms a beautiful red compound with mercury, and a yellow 
one with lead. The black oxide of copper generally gives 
rise to green and blue-colored salts ; while the salts of the 
oxide of lead, which is itself yellow, are for the most part 
colorless. 

A beautiful instance of the change of color produced by 

Will a pint of water, added to a pint of sulphuric acid, produce a 
quart of the mixture? When two gases unite, may a liquid or a 
solid be formed ? What will be the result when crystals of nitrate 
of ammonia and sulphate of soda are rubbed t^ether ? May great 
change of color be produced by chemical action ? 
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chemical action is seen in mixing solutions of bichloride of 
mercury and iodide of potassium. The solutions may be 
made as perfectly limpid as water, but, upon being mixed, 
a beautiful vermilion red is produced, by the formation of 
biniodide of mercury. The color shortly disappears, if either 
solution was in excess, by the redissolving of the precipitate. 



LAWS OF COMBINATION. — ATOMIC THEORT. 

190. Laws of ComhincUian, — ^The relative proportion in 
which substances unite to form the difierent compounds, is 
governed by fixed laws. There are, however, some apparent 
exceptions to this rule, in which bodies seem to unite in all 
proportions, without reference to any law. Thus, water 
and alcohol seem to unite in all proportions ; and the same 
may be said of water and the liquid acids. There are still 
other substances which seem to combine in any proportion 
within certain limits. Thus, water dissolves common salt 
very readily, but the quantity it is capable of holding in so- 
lution cannot exceed about four-tenths of its own weight. 
Below this limit, the water and salt appear to unite in every 
proportion. 

In all such cases, the substances are held together by a 
very feeble affinity, and are therefore easily separated. 

But the most interesting series of compounds is produced 
by substances which unite in a few proportions only, and 
which, in combining, lose more or less completely the pro- 
perties that distinguish them when separate. Of these bodies, 
some form but a single compound, while others unite in two, 
and some in three, four, five, or more proportions. 

190. Are the relative proportions in which bodies combine go- 
verned by fixed laws? Are there some apparent exceptions to 
the rule? What is said of common salt and water in this connec- 
tion ? In such cases, are the substances united by a strong affinity ? \ 
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191. The following are the laws which I'egulate the com- 
position of snch compounds : — 

I. The composition and properties of compound bodies are 
unchangeable. 

By this it is meant (1.) that any compound, while it re- 
tains its characteristic properties, qiust contain the same ele- 
ments, united in the same proportions ; and (2.) that while 
a compound contains the same elements, united in the same 
proportion, it must also possess the same characteristic pro- 
perties. Thus, water, a compound of 1 part* of hydrogen 
and 8 parts of oxygen, possesses certain well-known proper- 
ties; now, whenever and wherever a substance is foand, 
possessing the various properties of water, we know, from 
this law, that it must be a compound of these two substances, 
united in the above proportion ; and whenever a compound 
of these substances, in this proportion, is formed, it must 
possess the peculiar properties of water. 

A change of properties always necessarily implies a change 
of composition ; and, conversely, a change of composition 
necessarily implies a change of properties. This law is of 
universal application, except in the case of isomeric com- 
pounds, which will be hereafter noticed. 

• 

II. When any substances {as J?, C, D, S^c.) combine with a 
given quantity of another substance (A)^ then the numbers 
which represent the proportions in which J?, C, D, 4rc., 
combine with A^ will also represent the proportions in 
which they will combine with each other, if such combina- 
tion be possible. 

This law is also of universal application, and examples to 
illustrate it are abundant. Thus, 

* Partf) by weight are always intended, unless it is otherwise expressed. 

191. How is the first law of combination stated? How is it 
illustrated? Does a change of properties necessarily imply a 
change of composition? How is the second law of combination 
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8.01 parts of oxygen 
35.47 " " chlorine 
16.12 " '^ sulphur ^ combine with 1 part of hydro£ren. 
126.57 '' " iodine 
78.39 " " bromine J 

It follows, therefore, that if oxygen and chlorine combine, 
it will be in the ratio of 8.00 parts of the former to 35.47 parts 
of the latter ; and if chlorine and iodine combine, the com- 
pound will contain 35.47 parts of the former, and 126.57 
parts of the latter ; and so of the other substances mentioned. 

Any other substance, having an extensive range of affinity, 
might also be selected as the basis of our table, and tables 
be formed of all known substances. The numbers thus ob- 
tained for the various substances are called their combining 
numbers^ or equivalents. It will be noticed that the num- 
bers used merely express the relative quantities of the sub- 
stances they represent, that combine together; it is therefore 
in itself immaterial what figures are employed to express 
them. The only essential point is, that the relation should 
be strictly observed. Thus, the equivalent of hydrogen may 
be assumed as 10; but then the number for oxygen will be 
80.1 ; that for chlorine 354.7* &c. Hydrogen combines with 
other bodies in a lower proportion than any other known 
substance, and is therefore, with propriety, niiade the unit by 
most writers in the English language ; but on the continent 
of Europe, oxygen is usually considered as 100, and the 
tables constructed accordingly. 

192. We give below a table of all the known elementary 
substances, with their combining numbers, or equivalents, 

stated ? How is it illustrated by several substances which combine 
with hydrogen? Do the numbers used express the absolute quan- 
tities that combine, or only the proportions ? What are these num- 
bers called? Why is the number for hydrogen called 1? What 
is sometimes made the number for oxygen ? 

192. How may the numbers in the table be converted into others, 
having oxygen = 100 for their basis? How is the third law of 

J 
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#the combining; weight of hydrogen being considered as the 
unit. To find the corresponding numbers in a table in which 
the combining weight of oxygen is made 100, it is only ne- 
cessary to multiply the numbers in this table by 12.48. We 
insert also, in the table, the symbols by which the elements 
are represented in chemical formulae, a subject to which the 
attention of the student will be called in a future paragraph. 
In subsequent parts of this work, the word atom is ofkn 
used as synonymous with equivalent or combining pro- 
portion. 

Table of Elzmeitts, with their EauiYALEirTB avd Symbols. 



Elemecta. 



Aluminum 

Antimony (Stibium) • • • 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Columbium (Tantalum) 

Copper (Cuprum) 

Didymiuin 

Fluorine 

Glucinum 

Gold (Aurum)... 

Hydrogen 

Iodine 

Iridium 

Iron (Ferrum) 

Lanthanum 

Lead (Plumbum) 

Lithium 

Magnesium 



Sym 


Equiva- 


bob. 
Al 


lents. 


13.72 


Sh 


129.24 


As 


75.34 


Ba 


68.66 


Bi 


71.07 


B 


10.91 


Br 


78.39 


Cd 


55.83 


Ca 


30 52 


C 


6.12 


Ce 


46.05 


CI 


35.47 


Cr 


28.19 


Co 


29.57 


Ta 


184.S0 


Cu 


31.71 


Di 




F 


18.74 


G 


26.54 


Au 


199.20 


H 


1.00 


I 


120.57 


Ir 


98.84 


Fe 


27.18 


La 




Pb 


103.73 


L 


G.44 


Mg 


12.69 



ElemenlSb 



Manganese..; 

Mercury (Hydrargyrum) 

Molybdenum 

Nickel 

Nitrogen 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum * 

Potassium (Kalium). . . 

Rhodium 

Selenium 

Silicon 

Silver (Argentum) 

Sodium (Natriun) 

Strontium 

Sulphur 

Tellurium 

Thorium 

Tin (Stannnm) 

Titanium 

Tungsten (Wolfram) . . 

Vanadium 

Uranium 

Yttrium 

Zinc 

Zirconium 



Sytn. 


Equiva- 


bob. 


letiti. 


Mn 


27.72 


Hg 


202.87 


Mo 


47.96 


Ni 


29.62 


N 


14.15 


Os 


99.72 


o 


8,01 


Pd 


5a3G 


P 


31.44 


Pt 


98.84 


K 


39 26 


R 


53.20 


Se 


39.62 


Si 


22.22 


Ag 


106.30 


Na 


23.31 


Sr 


43.85 


S 


16.12 


Te 


64.25 


Th 


59.83 


Sn 


58.92 


Ti 


24.33 


W 


84.£0 


V 


eacfi 


U 


217.26 


Y 


32.25 


Zn 


32.31 


Zr 


33.ft7 



III. When two substances combine in more proportions than 
one^ then these different proportions will always stistain 
some simple ratio to each other. 

To illustrate this law^ let us suppose that A and B are the 
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two substances ; if they combine in one proportion only, it 
will usually be in the ratio of one equivalent of A to one 
equivalent of B ; but if they combine in more proportions 
than one, it will be in the ratio of one equivalent of A to' 
two, three, or four equivalents of B; or one equivalent of B 
to two, three, or four equivalents of A. They may, how- 
ever, combine (and instances of this kind are not unfrequent) 
in the ratio of two equivalents of A to three, five, or seven 
equivalents of B ; or two equivalents of B to three, five, or 
seven of A. Still more complex ratios are sometimes met 
with, as compounds in which three equivalents of one sub- 
stance combine with four or ^ve of the other; but such 
cases are rare. 

The compounds of nitrogen and oxygen afford an excel- 
lent illustration of the above law. Thus, the 

1st compound contains — Nitrogen, 14.15, and Oxygen, 8.01. 
2d " «' Do. 14.16, « Do. 16.02. 

3d " « Do. 14.15, « Do. 24.03. 

4th » " Do. 14.15, " Do. 32.04. 

5th «* " Do. lt.15, « Do. 40.05. 

IV. The equivalent of a compound substance will always he 
equal to the sum of the equivalents of the substances which 
compose it. 

Thus, water is composed of one equivalent of oxygen 
(8.01) and one equivalent of hydrogen (1); its combining 
number, or equivalent, will therefore be (8.01 + 1=) 9.01. 
So, also, sulphuric acid, which contains one equivalent of 
sulphur (16.12) and three equivalents of oxygen (8.01 X 3 = 
24.03), has for its equivalent 40.15. The same is true of 
all compound bodies. 

In the above, and also in the table, page 130, the decimal 
are carried to two places ; but in general, hereafter, they will 

combination stated 1 How is it illustrated ? How by reference to 
the compounds of nitrogen and oxygen? How is the fourth law 
of combination stated? How is it illustrated in reference to the 
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be carried only to tenths, which will be sufficiently accurate 
for our purpose. 

V. The quantities of gaseous substances^ estimated by mea- 
sure^ which enter into combination^ bear some simple ratio 
to each other. 

Water, we have seen, is composed of one equivalent (es- 
timated by weight) of each of its elements, hydrogen and 
oxygen, which are gases ; but if we measure them before 
causing them to combine, we shall find that one pint of oxy- 
gen will unite with exactly two pints of hydrogen. If we 
use more oxygen than this in proportion, a part of it will 
remain after combination ; and if we use less, a part of the 
hydrogen will be left. 

So, a pint of chlorine will combine with exactly a pint of 
hydrogen, and a pint of nitrogen with exactly three pints of 
hydrogen. But it is to be observed in these cases, that, in 
combining, considerable contraction often takes place, so 
that the measure or volume of the compound formed will 
not always be equal to the sum of the volumes of the gases 
that have combined. Thus, the pint of oxygen and two 
pints of hydrogen will form only two pints of the vapor of 
water ; and the pint of nitrogen and three pints of hydrogen 
will form only two pints (not four pints, as we might sup- 
pose) of the compound gas, which is called ammonia. 

In the ^ve compounds of nitrogen and oxygen contained 
in the above table, just two volumes of nitrogen are com- 
bined successively with one, two, three, four, or five volumes 
of oxygen. 

193. Atomic Theory. — It will be observed that nothing 
theoretical pertains to the above laws, which are simply the 

composition of water? What is the fifth law of combination ? In 

what ratio, by measure, do the gases oxygen and hydrogen oombina 

to form water ? Can they be made to unite in any other proportion ? 

193. What is the design of the atomic theory? What does it 
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enunciation of well-determined facts ; but such striking re- 
sults, obtained by experiment, naturally incline us to inquire 
for their cause ; and, in the absence of positive proof, the 
atomic theory has been proposed for this purpose. 

This theory assumes that every simple substance is an 
aggregation of atoms (9), by which is meant the particles in 
their smallest state of division ; and that the atoms of the 
same substance are all precisely of the same weight. It as- 
sumes, also, that when simple substances combine to form 
compounds, they unite by atoms ; that is, one atom of one 
substance combines with one, two, three, &c., atoms of the 
second ; or two atoms of the first combine with three, five, 
or seven, &c., atoms of the second, &c. As these atoms are 
supposed to be absolutely indivisible, there can, of course, 
be no such thing as half an atom ; and all compouncls must 
be of the form 1 A+ IB, 1 A + 2 B, 2 A+3 B, &c. The 
absolute weight of an atom of any substance has never been 
determined, but it is assumed that the equivalents of the va- 
rious bodies do actually express their relative weights ; the 
term atomic weight is therefore often used as synonymous 
with equivalent. Thus, the atomic weight of oxygen is said 
to be 8, and that of hydrogen, 1, &c. ; and water is said to 
be a compound of one atom of oxygen and one atom of hy- 
drogen ; while sulphuric acid is a compound of one atom 
of sulphur and three atoms of oxygen. 

If this theory be assumed as true (and it is considered 
very probable), but little reflection is needed to see that all 
the above laws, except, perhaps, the last, result from it as a 
matter of course ; and further explanation would therefore 
be superfluous. 

assume ? What does the atomic theory suppose to be true of the 
weight of all the particles of a substance ? Has the absolute weight 
of the particles of any substance ever been determined? 

12 
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NOMENCLATURE OF CHEMISTRY SYMBOLS. 

194. Nomenclature. — Chemistry possesses a more sys- 
tematic nomenclature than any other branch of natural 
science ; and a thorough knowledge of it, at the very begin- 
ning of his studies, is very important to the student. This 
nomenclature is framed in reference to the composition of 
compounds, and is so contrived that the names of all com- 
pounds shall indicate the substances of which they are com- 
posed. 

Elementary substances being composed of only one kind 
of particles, of course the above remark does not apply to 
them : their names are mere names ; that is, mere sounds 
connected by usage with the things signified. Yet, in the 
casf^ of newly discovered elements, names have in some in- 
states been given that indicate some important property of 
the substance. Thus, oxygen (from the Greek oxus, acid, 
and gennaOy to produce) was so named, because it was sup- 
posed to form a necessary part of all acids ; and hydrogen 
(from hudor, water, and gennao), because it was known to 
enter into the composition of water. So chlorine, being of 
a greenish color, received its name, in consequence, from the 
Greek chloroSj green ; and bromine was so called from its 
offensive odor, from bromoSy fetid. Potassium and sodium 
are so named, because they form the basis, respectively, of 
potassa and soda ; and glucinum (from glukus^ sweet), be- 
cause of the sweet taste of some of its compounds. Other 
elementary substances of recent discovery have been name^^ 
in like manner*, but all simple substances which have been^ 

194. What is said of the nomenclature of chemistry? What 
does the name of a compound indicate in regard to it? Why was 
the name oxygen given to the substance known by it? What pro- 
perty of chlorine is indicated by its name ? 
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long known retain t^eir ancient names. Thus, gold, silver, 
lead, copper, sulphur, carbon, are names of well-known sub- 
stances, and they are retained in chemistry ; but they con- 
tain, it is evident, no descriptive meaning. - 

195. But it is to compound bodies that the nomenclature 
especially applies ; and, as above intimated, its design is to 
indicate their composition by their names. For this purpose, 
when two substances only are combined in a compound, a 
part of the name of one, with the termination ide or uret^ is 
made use of, while the other is expressed in full. Thus, 
oxygen forms oxides; chlorine, chlorides; bromme, bro- 
mides ; sulphur, sulphurets ; carbon, carburets, &c., of the 
other substance, the name of which is fully expressed ; as 
oxide of iron, oxide of sulphur, chloride of hydrogen, &c. 
Usage requires us to employ the termination ide for the 
compounds of all the elementary substances except those of 
carbon, sulphur, and phosphorus, with which, without any 
apparent reason, we use the other termination, uret. Thus 
we say sulphuret of carbon, and not sulphide; phosphuret 
of calcium, and not phosphide or phosphuride. 

When the elements unite in more than one proportion, 
numeral prefixes from the Greek or Latin are used to desig- 
nate them ; as protoxide of copper (from protos^ first), and 
deutoxide (/icw^cros, second) or binoxide (5m, twice) of cop- 
per. The first of these compounds contains one equivalent 
of oxygen, united with one eq. of copper, while the second 
contains two eq. of oxygen, combined with one of. copper. 
So the teroxide (tertio^ third) or tritoxide (iritos^ third) of 

195. When two substances form a compound, how is the com- 
pound named ? What are the compounds oxygen forms with other 
substances called ? What is oxide of iron ? Chloride of hydrogen ? 
With the compounds of what substances do we use the termination 
uret? What is sulphuret of carbon? When the elements unite in 
more than one proportion, how are the different proportions ex- 
pressed? What is protoxide of copper? Deuto or binoxide of 
copper ? What is the tritoxide of nitrogen ? How is the prefix 
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nitrogen, is a compound of three eq. of oxygen and one eq. 
of nitrogen. The same rule is observed with regard to the 
compounds of other substances, as protosulphuret and bisul- 
puret of mercury, bicarburet of sulphur, terchloride of gold, 
&c. The prefix per is often used to indicate the highest 
compound known, as peroxide of mercury *, and the prefix 
sesqui implies that two eq. of one of the substances is com- 
bined with three eq. of the other substance ; as sesquioxide 
of iron, which contains two eq. of iron and three eq. of oxy- 
gen. Generally, the electro-negative element is expressed 
first, as chloride of sulphur, and not sulphuret of chlorine ; 
but this rule is not universally followed. 

196. Most of the compounds above described, which may 
properly be called binary, or bielementary, as being com- 
posed of two elements, are also capable of combining toge- 
ther, and forming other more complex compounds, usually 
called salts. In considering the relations they sustain to 
each other, they are usually divided into the two classes of 
acids and bases. The acids are generally more or less sour 
to the taste, change vegetable blues to red, and are electro- 
negdlive in relation to the other class ; while the bases are 
electro-positive, and restore the blue colors which have been 
changed to red by acids. Some of the bases are soluble in 
water, and are exceedingly acrid and caustic. 

A large proportion of all the acids are oxides, and are 
therefore called oxygen acids, or oxyacids ; but many con- 
tain hydrogen, and are called hydracids. So, when a sul- 
phuret possesses acid properties, it is called a sulphur acid. 

As most of the acids belong to the first class, or are oxy- 

per used ? What is sesquioxide of iron ? Which element is usu- 
ally named first? 

196. Why may the compounds above described be called binary 
or bielementary? Into what two classes may they be divided? 
What is an acid ? What a base ? What is an oxyacid ? What a 
hydracid? Why is special reference had, in forming the nomen- 
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acids, special reference is had to them in the nomenclature ; 
and they are named by using the termination ic or ous in 
connection with the name of the substance with which the 
oxygen is combined to form the acid, the termination ic 
being used for the acid containing most oxygen, when there 
are more than one formed from the same substance, and 
the termination ous for the one containing least. Thus we 
have sulphuric and sulphurous acids, the former of which 
contains more oxygen, and is a more powerful acid than 
the latter. When there are more than two acids formed 
from the same substance, the prefix hypo (hupoj sub, or 
under)^is used in connection with the name of one or the 
other of the two already described, as the case may require. 
Thus, we have four acids of sulphur, viz., the sulphuric, the 
7i^j7osulpharic,/containing less oxygen than the sulphuric, 
the sulphurous, and the %;?osulphurous, which contains 
less oxygen than the sulphurous. . 

When a compound, not containing oxygen, possesses acid 
propertiesyii part of the name of one of the substances is 
iised as a prefix to the name of the other substance, to form 
a name for tEe acid. Thus, hydrochloric and hydrosulphu- 
ric acids |ire compounds of hydrogen with chlorine and sul- 
phur respectively. So chloriodic acid is a compound of 
(^chlorine and iodine. \ If no prefix of the kind is used, the 
acid is understood to be Im oxyacid) as nitric acid, which is 
composed of nitrogen and oxygeni 

197. The salts are compounds of the acids with bases, as 
Glauber's salt (sulphate of soda), which is composed of sul- 



clature, to the oxyacids ? How are the names of these acids formed ? 
How are the terminations ic and ous used ? How the prefix hypo? 
What is hyposulphuric acid? Hyposulphurous ? When a com- 
pound, not containing oxygen, possesses acid properties, how is it 
named 1 What is the composition of hydrochloric acid ? Chlorio- 
dic ? What is to be understood when no prefix is used 1 

197. Of what are salts composed 1 How are the names of salts 
12* 
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phuric acid and soda.^ Names of the salts are formed vty 
changing the termination of the name of the acid from ic 
into ate^ and from ous into i/e, and expressing in full the 
name of the base. Thus, sulphuric acid, combined with 
bases, forms sulpha^e^; carbonic acid, carbonate^; &c., of 
the bases with which they may be severally united ; as sulph- 
at^ of lime, phosphate of alumina, hyposulphate of soda, &c. 
So sulphurous acid forms sulphites; nitr(ms acid, nitrites; 
hyposulphurous acid, hyposulphites, &c., of the various bases. 

Many of the metallic oxides serve as bases of salts, but in 
expressing them (the salts), the word oxide is often omitted ; 
thus, sulphate of iron is the same as sulphate of the oxide 
of iron. If a higher oxide than the protoxide forms the base 
of a salt, it is usually expressed in fbll ; thus,, we have the 
sulphate, nitrate, &c., of the binoxide of mercury. 

198. Acid or super salts are such as contain an excess 
of acid, while basic or sub salts contain an excess of base ; 
salts that contain no excess of either acid or base being 
called neutral salts, A bisulphate contains twice, and a 
tersulphate three times as much acid as a sulphate. Pre- 
fixes derived from the Greek numerals are often used to ex- 
press the excess of base in the subsalts ; as dinitmie of lead, 
a salt which contains 1 equiv. of nitric acid and 2 equiv. of 
oxide of lead. The same thing would be expressed by call- 
ing it bibasic nitrate of lead. 

The above explanations will serve to illustrate the fiinda- 
mental principles of the present nomenclature; but it is 

formed 1 Of what is sulphate of lime composed? Phosphate of 
alnraina? What name do salts formed by sulphurous acid take? 
Hyposulphurous acid? When a metallic oxide serves as the base 
of a salt, how is the name often expressed ? Give an example. 
When the oxide is not a protoxide, how is it expressed ? 

198. What are acid or super salts? What are basic or sub salts? 
What is a neutral salt? What is said of the acid in a bisulphate ? 
Tersulphate '^ Do the principles of the nomenclature apply to the 
more compleot compounds ? 
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admitted that it applies but partially to the more complex 
chemical compounds, which, however, are not of frequent 
occurrence. 

199. Chemical Syrnhoh. — Instead of writing the full name 
of substances, it is oflen convenient to substitute abbrevia- 
tions, which are called the symbols of these substances. For 
a simple substance, the first letter of the Latin name is gene- 
rally used ; but when there are two or more having the same 
initials, some other letter of the .name is connected with the 
initial, in the symbols of all except one. Thus, O stands for 
oxygen, and Os for osmium ; B for boron. Bo for borium, 
and Bi for bismuth ; P for phosphorus, Pd for palladium, 
and Pt for platinum, &c. In the table on page 130, the 
symbols in general use for all the simple substances are given. 

These symbols indicate single equivalents of the substances 
they respectively represent ; and to indicate two, three, or 
more equivalents, a figure is placed a little below the symbol 
at the right. For instance, S signifies a single eq. of sulphur, 
S2, Ss, &c., two, three, &c., eq. ; and O4, C5, four eq. of oxy- 
gen, five eq. of carbon, &c. To indicate that several sub- 
stances are combined, their symbols are simply written side 
by side, as HO, or with a comma between them, as H,0, or 
with the plus sign ( + ), as H+0; all of which expressions 
represent a single equivalent of protoxide of hydrogen, or 
water. The comma and the plus sign are generally made 
use of only when tlie expression is somewhat complex; 
thus, NO5 is the symbol for nitric acid, KO that for potassa, 
and NO5, KO, or NOg-f KO, that of nitrate of potassa. 
Sometimes the plus sign is used when the substances be- 

199. For what purpose are chemical symbols used? What are 
the symbols of th6 simple substances ? When two elements have 
the same initials, what course is pursued ? What do these symbols 
indicate ? What does a figure placed at the right of a symbol in- 
dicate ? How is it indicated that several substances are combined? 
When are commas and when the plus sign used ? What is to be 
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tween which it is placed are not cambined, but only 
mixed. 

It is to be particularly observed that small figures, placed 
at the right of letters, apply only to the ones to which they 
are attached ; but large figures, placed at the left, like alge- 
braic coefficients, afilect all that follow them to the next 
comma or plus sign. Thus, POg represents phosphoric acid ; 
NaO, soda; NaO,POfi, phosphate of soda; 2(NaO,P05), 
two equivalents of the sanie phosphate of soda; but 2NaO,P05 
indicates a single eq. of bibasic phosphate of soda, which 
contains two eq. of soda, united to one of acid. 

In consequence of the frequent occurrence of the double 
equivalent, it is frequently expressed by drawing a line under 
the symbol of the single equivalent, or by a black letter. 
Thus, Al signifies an equiv. of aluminum, and Al or Al, two 
equivalents. AlOs or AIO3 is the symbol for the sesquioxide 
of aluminum or alumina, and means the same as AI2O8. As 
oxygen forms an extensive list of compounds, simple dots 
are often used to indicate its presence in them ; the above 
symbol for alumina would then become Al=Alg03. Other 
examples follow the same rule. 

Combinations of these symbols, according to the princi- 
ples above explained, are called Chemical FormulcB; and the 
great advantages of their use, in expressing forcibly compli- 
cated chemical changes, will be fully seen as we proceed. 

200. Isomerism, — Isomeric compounds (191) are such as 
have the same ultimate composition, but difiler from each 
other in some or all of their sensible properties. The term 
is derived from the Greek isos^ equal, and meros, part. 

These compounds, though composed of the same elements 
in the same proportion, have usually difierent equivalents ; 

observed of large figures placed at the left of symbols ? How are 
double equivalents often expressed ? How is the presence of oxy- 
gen in compounds sometimes indicated 1 

200. What are isomeric compounds ? How do the equivalents 
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thus, oleiiant gas (C2H2) and etherine C4H4) are isomeric, 
being composed of carbon and hydrogen in the same pro- 
portion; but the equivalent of olefiant gas (14.24) is only 
half that of etherine (28.48). 

Isomerism may also result from difference in the grouping 
or arrangement of the particles of compounds; thus, the 
particles of sulphuric acid (SO3) may be arranged in three 
modes, as SO3, SO+Oj, or SO2+O ; but we are entirely ig- 
norant which is the actual arrangement in this well-known 
substance. Nitrate of ammonia (NHajNOg), when heated, 
becomes 2NO + 3HO; that is, an equivalent of the salt is 
changed into 2 eq. of binoxide of nitrogen, and 3 eq. of 
water. Change of grouping, therefore, may often produce 
important change of properties, while the ultimate composi- 
tion remains the same. 

201. Allotropism, — This term is used to designate the 
different conditions in which a substance is sometimes found, 
as it regards the chemical action of other bodies. Thus, 
iron, in its ordinary state, is readily dissolved by nitric acid ; 
but if, before immersing a piece of iron wire in this acid, one 
end of it be heated \o redness, or if it is connected with the 
positive electrode of a galvanic battery, or if it be immersed 
in the acid in contact with a piece of platinum, — in either 
of these cases, the acid fails to act upon it. So, if an aque- 
ous solution of chlorine be prepared in the dark, it may be 
kept in a dark place without change for a long time ; but if 
the sun is permitted to shine upon it a few seconds, decom- 
position will commence, hydrochloric acid will be formed 
in the water, and bubbles of oxygen rise to the surface. 

Many other substances exhibit similar peculiarities?, and 

are said to exist in different allotropic states. 

of two isomeric compounds generally differ from each other ? Give 
an example. In what three different modes may the particles of 
sulphuric acid be grouped ? 

201. How is the term allotropism tised ? Give an example. 
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202. The particles of liquid and gaseous bodies, as they 
unite to form solids, sometimes cohere together in an indis- 
criminate manner, and give rise to irregular, shapeless masses ; 
but more frequently they attach themselves to each other in 
a certain order, so as to constitute solids possessed of a re- 
gularly limited form. The process by which such a body 
is produced is called crystalization; the solid itself is termed 
a crystal; and the science, the object of which is to deter- 
mine and classify the forms of crystals, is cry sialography. 

Nature presents us with an abundance of crystals in the 
mineral kingdom, but they may also be produced artificially 
by several processes. The essential condition is, that the 
particles of the substance to be crystalized should be free to 
move among each other, which is accomplished by bringing 
it into the liquid state by solution or by melting it. Alum 

forms beautiful octohedral crystals, by mak- 
ing a saturated solution in warm water, and 
allowing it to cool slowly. If a small tree 
be made of copper wire, and its branches 
immersed in such a solution while cooling, 
on removing it, the part immersed will be 
covered with a multitude of small shining octohedrons, like 
fruit. If the solution be allowed to stand after it has become 
cold, the crystals will gradually increase in size as the water 
evaporates. Common salt, blue and green vitriol, and many 
other substances may be crystalized in a similar manner. 

Crystalization by fusion is also very common. If a quan- 
tity of sulphur be melted and allowed to cool slowly, upon 

202. How do the particles of bodies often unite together ? What 
is a crystal? May crystals be produced artificially? How may 
alum be crystalized? How may sulphur be crystalized? Does 
crystalization sometimes take place solids? 
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brealtiog ihe cnisl and pouring out all that 
remains liquid, a mass of crystals will be t 
found within, shooting in every direction, 
as represented in the figure. 

The cryatalization of many substances, I 
as sulphur, corrosive sublimate, iodine, &.C., 
may also be produced by sublimation. 

Even in solids, crystalization sometimes takes place Cop- 
per wire which has been long kept is said often to Ic-ae ila 
tenacity, in consequence of cubic crystals of the metal gray 
dually forming in it. Wiien sugar is melted and allowed to 
cool, it forms a hard, transparent mass ; but by keeping some 
time, it gradually becomes opaque, and eshibits the ordinary 
while coldr and cryataline structure of refined sugar. Com- 
mon "lemon candy," which is usually sold in small flat 
pieces, ao inch wide and four inches long, is beautifully 
transparent when first formed ; but afler a few hours, crys- 
talization commences in numerous points, and gradually ex- 
tends through the mass, which now becomes opaque ; and 
at the same time its flavor is much improved. Many sub- 
stances, in cryalalizing, absorb a large quantity of water, 
called their leater of crystalization, which is essential to the 
existence of the crystals. It sometimes amounts to half their 
weight. When exposed to (he air, the water often evaporates, 
and the crystals &1I to powder. They are then said to efio- 
TMce. Glauber^s salt is a noted instance of this. 

303. The forms of crystals are exceedingly diversified, 
but ihey may all be reduced to six systems or classes, and 
to fourteen forms, called primary forms. All other forms 
may be derived from tJiese by regular process, and are there- 
fore called secondary forms. 

When a substance cryslalizea, a very small crystal is first 
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formed, which gradually increases in size by the deposition 
of particles on every side ; but sometimes, as the process is 
going on, a change in the deposite takes place, and regular 
spaces are left at the angles or edges, on which no deposite 
is made *, and a secondary form then results. This is illus- 
trated by the accompanying figures. We will suppose some 






substance is crystalizing 1[as common salt), the primary form 
of which is a cube, as A. From some cause not understood, 
as the additions are made on the different faces, a small space 
is left at the angles, and soon the form B is produced. K 
the process is continued, after a time the crystal is seen of 
the form C, and then of the form D, which is evidently an 
octahedron, with its angles truncated; and if the process 
were continued, a perfect octahedron would at length be 
formed. The octahedron is therefore a secondary of the 
cube. In the same manner a substance whose primary form 
is an octahedron, may produce a cubic crystal. 

All substances are limited in the number of their crystaline 
forms. Thus, calcareous spar crystalizes in rhombohedrons, 
fluor spar in cubes, and quartz in six-sided pyramids ; and 
these forms are so far peculiar to those substances, that fluor 
spar never crystalizes in rhombohedrons or six-sided pyra- 
mids, nor calcareous spar or quartz in cubes. Crystaline 
form may, therefore, serve as a ground of distinction between 
difierent substances. But the composition of substances 
having the same form is not necessarily the same, nor are 



crystalizes, what is first formed ? Explain the mode in which 
secondary forms result. May crystaline form serve as a means of 
distinguishing different substances ? 
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the crystaline forms of the same substances always iden- 
tical. 

204. Isomorphism. — Isomorphous substances (from isos^ 
equal, and morphe^ form), are such as may be substituted 
One for -another in compounds they form with other sub- 
stances, without changing the form of the crystals. The 
several varieties of alum furnish a good example. Thus^ 
common alum (HO,S084- AlaOi, 3 803+24 HO) usually crys- 
talizes in octahedrons; but for the alumfna (which is the 
sesquioxide of aluminum) the sesquioxide of chromium may 
be substituted, producing chrome alum (KOySOs+CrjOs, 
3 SOa-|-24 HO), or the sesquioxide of iron, producing iron 
alum (KO,S03+Fej039,3S03+24 HO),and the crystals have 
the same external form. These alums are also very similar 
in other properties. These several sesquioxides are there- 
fore said to be isomorphous ; and numerous similar groups 
might be formed, but a further discussion of the subject 

would be unsuited to this work. 

ft 

205. Dimorphism. — A substanA is sometimes-found, when 
crystalizing at different times and under different circum- 
stances, to form crystals which belong to two different pri- 
mary forms, and is then said to be dimorphous. \ Carbonate 
of lime and sulphur are of this kind. . The term is from 
diSj double, and morphe, form. 

204. What are isomorphous substances ? 

205. When is a substance said to be dimorphous ? What sub- 
stances are mentioned as being dimorphous ? 
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PART III. 

INORGANIC CHEMISTRY. 

NOir-METALLIC KI.BMBITT8. 

206. The substances usually reckoned in this class are 
thirteen in number; viz.,— 

Oxygen, Phosphorus, Chlorine, 

Hydrogen, Boron, Iodine, 

Nitrogen, Silicon, Bromine, 

Carbon, Seleniani| Fluorine. 
Sulphur, 

These have been variously classified by different writers, 
but nothing would be gained by it in so elementary a work 
as the present. We thergfore proceed to discuss them in 
the order mentioned, discussing also, under each after the 
first, the more important compounds it forms with any of 
the preceding elements. 

OXTGEN. 

Symbol, O; Equivalent^ 8; Density, 1.10 

207. History. — Oxygen (from oxus, acid, and gennao^ to 
produce) was discovered by Priestley and Scheele, indepen- 
dently of each other, in 1774. It has been called empyreal 
air, because it supports combustion, and vital air, because 
necessary to respiration. It is probably the most abundant 

206. What are the thirteen non-metallic elements ? 

207. What is the derivation of the name oxygen ? By whom 
was oxygen discovered ? Why has it been called empyreal air ? 
Why vital air ? What is said of its abundance ? 

(146) 
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of the elementary substances, and constitutes a large part of 
the mass of the earth ; it also forms an ingredient of nearly 
all animal and vegetable substances. 

208. preparation, -^— Oxygen is a gaseous substance, and 
may be obtained from several sources ; but the best method 
to procure it, when only a small quantity is required, is to heat 
an ounce or less of chlorate of potash in a green glass dask 
or retort. This salt is composed of chloric acid, CljOg, and 
potash, KO ; and, when heated nearly to redness, gives up 
the whole of its oxygen, as shown by the following formula. 
Thus, KO,C106=KCl-f6 0; each atom of the salt yielding 
one atom of chloride of potassium, and six atoms of oxygen. 
The process succeeds better if a little peroxide of manganese 
is mixed with the salt before heating it. One ounce of 
chlorate of potash, mixed with forty grains of peroxide of 
manganese, will yield a little more than two gallons of the 
pure gas. 

209. The accompa- 
nying figure will serve 
to illustrate the arrange- 
ment of the apparatus 
required for the experi- 
ment. The salt, con- 
tained in a retort, is 
heated by a spirit-lamp, which produces no smoke, and the 
gas, as it forms, passes under a receiver filled with water^ 
and placed on a shelf in a pneiimatic cistern, a section of 
which is shown in the figure. The receiver is open at the 

208. What is its state ? What is the best mode of preparing it? 
"What is chlorate of potash composed of? How many atoms of 
oxygen are yielded by each atom of the salt? What compound is 
formed at the same time? What other substance should be mixed 
with the salt before heating it ? What quantity of oxygen may bo 
obtained from an ounce of the salt? 

2Q9. Describe the apparatus for preparing the gas. Why is a 
spirit-lamp used, rather than one with oil ? Why does the gas rise 
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bottom, and it is first filled with water by plunging it in the 
cistern, and then bringing it to its upright position, and rais- 
ing it carefully to its place upon the shelf, which is just be- 
neath the surface of the water. The water rises in the re- 
ceiver, in consequence of the atmospheric pressure (see the 
author's JYcUural Philosophy^ p. 115) ; and when the gas is 
forced underneath, it rises in bubbles, displacing the water, 
and occupying the highest part of the receiver, — the shelf 
being supposed to have an aperture in it, to allow the gas to 
pass upward, and the water also to escape. 

When a large quantity of oxygen is to be obtained, it is 
more economical to make use of saltpetre (nitrate of potash); 
but a much greater heat is required to decompose it, and an 
iron retort must therefore be substituted, instead of glass. 
The iron retort containing the saltpetre is placed in a fur- 
nace, the heat of which can be easily regulated, and a lead 
tube is connected with it, leading to the pneumatic cistern. 
As soon as the bottle has attained a full red-heat, the gas 
begins to come over ; and if care is taken to prevent the 
heat becoming too great, very pure oxygen will be obtained. 
The changes that take place are illustrated by the following 
formula :— KO,N05=KO,NOs4-2 O. Thus, each atom of 
nitrate of potash yields one atom of hyponitrite of potash, 
and two atoms of oxygen. 

This gas may also be procured from the peroxides of 
manganese, lead, and mercury, and from other substances. 
Whatever mode of preparing it may be adopted, the first 
portions of gas that come over should always be allowed to 
escape, as it will be mixed with atmospheric air, contained 
in the apparatus at the beginning of the operation. 

Oxygen gas is also given oflTby plants under the influence 
of light. Let a sprig of mint be placed in a white glass 

in the receiver through the water? Describe the mode of prepar- 
ing oxygen from saltpetre. What other substances are mentioned 
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globe, which is then lo be fille<I quite full of Bpring-water, 

and the mouth inverted in a tumbler of water, 

as shown in the figure. It is then lo be placed 

in the direct rays of the eua-^ and in a short 

time, bubbles of gas will be seen collecting in 

the upper part of the glass, which is Dearly 

pure oxygen. 

210. Properties. — Pure oxygen is a color- 
less gas, wiihoui odor or taste, and has never 
yet been reduced to (he liquid state by any 
degree of eold or pressure. It is very slightly absorbed by 
water, 100 cubic inches of that liquid taking up 3 or 4 of 
the gas. It is heavier than air, 100 cubic inches weighing 
34.19 grains, while the same volume of air weighs only 31.01, 
grains. Its density is therefore 1.102. It has a very exten- 
sive range of afliniiy, entering into combination with all, or 
nearly all, tiie other elements. 

Oxygen is a powerful supporter of combustion ; and all 
substances that are capable of burning in the open air, bum 
in it wiih far greater brilliancy. A piece of wood, on which 
the least spark of light is visible, bursts into flame the mo- 
ment it is put into a jar of oxygen ; lighted charcoal emits 
beautiful scintillations ; and phosphorus burns with so pow- 
erful and dazzling a light that the eye cannot bear its im- 
pressioo- Even iron and steel, which are not commonly 
ranked among the inflammables, undergo rapid combustion 

ind steel Is effected by introduc- 

from which oxygen mRy be prepared?' Describe the mode of ob- 
taining onjeea from plants, 

aiO. Menlion some of the propertiea of thia sobalance. Has it 
erer been reduced to the liquid slate! Is it abeorbed by water? 
What is its specific gravity, as catnpated with atmospheric air! 
What is said of its affinity for the other elements! Whsc is said 
of ilB power of supporting combustion? How may a wire of iron 
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iog it in tiie fonn of wire or ihia slips, — as pieces of walch- 
spring, — iQto a vessel oflhegaSjaashowD 
in ttie figure. The combustion ia com- 
menced by attaching Id the lower extre- 
mity a piece of spunk or other combuBlh- 
bie, which is ignited the momenl it ia to 
be introduced into the gas. Ae the com- 
bustion progresses, if the cork is tight, 
the water contained around the bottom of 
the receiver in the shallow dish is seen 
to rise, and more must be poured in, to 
prevent the entrance of air from withont 
This is occasioned by the absorption of 
the oxygen by the iron, lo form oxide of iron, which fatla 
in melted globules into the dish. When n 
lighted candle is lei down by a wire into a 
jar of this gas, as in the £gure, the case is 
difierenti the candle burns for a time with 
increased splendor, but soon the flame 
begins to diminish, and at length entirely 
disappears, without any diminution of the 
volume of gas contained within. If ihc 
in die be relighted and returned lo the re- 
\ ceiver, it ia now instantly extinguished, the 
gas having lost entirely its power of sup- 
porting combustion. The reason is, that the oxygen has 
disappeared, and a new gas. carbonic acid (CO^), token its 
place, which has exactly the same volume as the oxygen 
from which it was formed. If a piece of burning charcoal 
had been used, the result would have been the same. 
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211. Ordinary combustion consists in the union of com- 
bustible matter witK oxygen, and is usually attended by the 
evolution of heat and light. A new substance is also formed, 
which may be solid, liquid, or gaseous. When iron is 
burned, a solid product (oxide of iron) results, which just 
equals the weight of the iron and oxygen together, that have 
disappeared during the operation. It is evident that in every 
case the product of the combustion must be equal in weight 
to that of the oxygen and other substance which have com- 
bined. 

Combustion may, however, be produced without oxygen ; 
a piece of phosphorus or powdered antimony, let down into 
a receiver filled with chlorine, will take fire spontaneously, 
and burn with the evolution of light and heat ; so that ordi- 
nary combustion can only be considered as a particular case 
of chemical action. 

Combustion is the great source of artificial heat and light 
(114). To produce an intense heat, means are contrived to 
force large quantities of air (one-fifth of which is oxygen) 
in contact with a mass of ignited coal, the carbonic acid 
formed being allowed to escape freely. To produce light, 
we burn oil, tallow, or other substances which contain a 
large proportion of the same material as coal, as we shall 
see hereafter. By supplying the burning body with pure 
oxygen, the intensity of both the heat and light is greatly 
increased. A very considerable heat is also produced, sim- 

211. What is ordinary combustion ? When iron is burned in 
oxygen gas, what compound is produced ? When a substance is 
burned, to what must the weight of the compound produced always 
be equal ? May combustion take place without oxygen ? What 
instances are mentioned? What may ordinary co|nbustion then 
be considered ? What is the great source of artificial heat? How 
is an intense heat produced ? If the burning body were supplied 
with pure oxygen, what would be the effect? 
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ply by blowing with a 
proper blowpipe through 
the flame of a lamp or 
candle, which is sufficient for numerous small operations. 

212. Respiration is also supported by oxygen gas, which 
is absolutely essential to the process ; no animal can live in 
an atmosphere that does not contain it. A small animal, as 
a bird, confined in a close box, feels no inconvenience for a 
time; but the oxygen gradually is absorbed, carbonic acid 
gas taking its place, and respiration becomes laborious, until 
at length the animal dies for the want of oxygen. Pure 
oxygen, however, does not answer the purposes of respira- 
tion, as it excites the vital action too much, producing vari- 
ous inflammatory sjrmptoms, and at length death, as the 
result of the over-action. 

213. Manipulation of Gases. — The general method of 
collecting oxygen, described above, answers for all the gases 
that are not absorbed by water. In the same mode^ also, a 
gas may be transferred from one receiver to another. When 
a gas is to be collected that is largely absorbed by water, 
some other liquid i^ust be used, as mercury, or a saturated 
solution of salt ; or the air may be removed by the air-pump^ 
aiid then the gas admitted. 
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Symlol, H ; Equivalent, 1 ; Density, 0.069. 
214. History. — ^This gas was first described by Cavendish 

212. Is oxygen essential to the support of animals? What will 
be the effect qC confining an animal in a close box? Will pure 
oxygen answer for the support of respiration ? 

213. What is the method to be adopted in the manipulation of 
gases that are absorbed by water ? 

214. By whom was hydrogen first described? What was it 
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in 1766, and received from him the name of infiammahle air^ 
because of its combustibility. It has received its present 
name because it forms a part of water (from hitdor, water, 
and gennao^ to produce). It is not found free in nature, but 
constitutes one-ninth part of water, and enters into nearly 
all animal and vegetable substances. 

215. Preparation. — Hydrogen gas is always procured by 
the decomposition of water, either directly or indirectly. 
The direct method consists in passing the vapor of water 
over metallic iron, heated to redness. This is done by put- 
ting iron wire into a gun-barrel open at both ends^ to one 
of which is attached a retort containing pure water, and to 
the other a bent tube. The gun-barrel is placed in a furnace, 
and when it has acquired a full red-heat, the water in the 
retort is made to boil briskly. The gas, which is copiously 
disengaged as soon as the steam comes in contact with the 
glowing iron', passes along the bent tube, and may be col- 
lected in convenient vessels, by dipping the free extremity 
of the tube into the water of a pneumatic trough. 

The arrange- 
ment of the ap- 
paratus will be 
seen by the ac- 
companying 
figure, a is the 
retort contain- 31 




ing the water, 56, furnace, with the gun-barrel, cc^ in which 
are the iron turnings to be heated, and at the left is the re- 
ceiver to collect the gas as it is formed. 

The second, or indirect method, which is the one usually 

then called 1 Why did it receive its present name ? Is it formed 
naturally in a free state ? In what is it found ? 

216. From what is hydrogen always prepared ? Describe the 
method of preparing it by the decomposition of water by means of 
iron. Describe the second and more common mode. Describe 
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adt^ted in practice, coniisu simply in dropping pieces of 

zinc (or iron) into sulphuric acid, diluted with fire or six 

times its weight of water, and contained in a convenient 

retort. Action immedialely commences, without (he aid of 

_ heat, and the gas may be collected 

over water. A j&r prepared aa in the 

figure is very convenient for the 

purpose. The water and zinc are 

first introduced, and after the cork 

with the. lubea is carefully inserted 

in ita place, the acid ia poured in 

^ through the long-necked funneL 

I'he gas is collected by means of 

a tube leading from the cover to a 

receiver, as before. 

Hydrogen gas is also very readily procured by the action 
of melallic potassium or sodium upon water. A small re- 
'er is first filled with water, and then a piece 
of the metal, wrapped in bibulous paper, is 
quickly placed under it-, as soon as the paper 
becomes moistened, violent action takes place, 
and the hydrogen tliat is liberated rises to the 
I upper part of the receiver. This method, on 
lunl of the high price of potassiom and so- 
dium, is very expensive. 
216. Properties. — Pure hydrogen gas is without color, 
odor, or taste, and refracts light powerfully. Il has never 
yet been reduced to the liquid state. Il does not support 
respiration, but may be breathed, when mixed with air, with- 
out injury. 

It ia die lightest substance known, and is therefore olWn 

the moda of preparing it by tn^aos of melallio potassium or 
Sie. Deacribe aome of the properUag of hydrogen. What ia aald 
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used for filling balloons. It is sixteen times lighter than 
oxygen, and more than fourteen times lighter than atmo- 
spheric air, 100 cubic inches weighing 
only 2.14 grains. Soap-bubbles filled 
with it rise readily through the air. 
They may be formed very easily by at- 
taching a common tobacco-pipe by its 
stem to a gas-bottle filled with the gas, 
and farcing out the gas slowly, imme- 
diately after dipping the mouth of the pipe in a strong solu- 
tion of soap in warm water. 

Hydrogen gas is eminently combustible, and 
burns with a feeble yellowish fiame. This may be 
shown by pouring some dilute sulphuric acid upon 
some pieces of zinc in a vial, and inserting a cork 
with a small glass tube or pipe-stem, as shown in 
the accompanying figure. In a short time a jet of 
hydfogen will issue from the tube, and may be in- 
fiamed. This is often described as the philosophical candle. 

If, now, as the jet continues to burn, a glass tube, 
not more than half an inch in diameter, and one or 
two feet long, be held over it, and properly man- 
aged, a clear musical note will be produced, its 
pitch depending upon the length and diameter of 
the tube. It is occasioned by successive explo- 
sions within the tube, which follow each other so 
rapidly as to cause the air in the tube to vibrate, 
as in a musical instrument. 

The following is an interesting and instructive 
experiment with this gas. Let a bell-glass receiver 
be filled with it in the pneumatic cistern, and then. 





of its lightness? What use is often made of it? How may soap- 
bubbles be formed with it? How may its combustion be showft? 
How may musical sounds be produced by it? When a receiver 
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carefully lifting it with the left hand, with 
4he right hand pass up into the interior a 
lighted candle, as represented in the figure. 
As the flame enters the hydrogen, it will 
take fire with a slight explosion, and con- 
tinue to burn where it is in contact with 
the air ; but the candle being carried farther 
upward into the pure hydrogen, will be 
extinguished. The hydrogen, being com- 
bustible, is inflamed by the burning candle, 
but, not being a supporter of combustion, 
the candle is extinguished as soon as it is 
surrounded by it. The gas is retained in the receiver when 
lifted from its place, because of its being so much lighter 
than air. 

Though hydrogen is the most volatile substance known, 
and universally classed with the non-metallic elements, by 
many it is believed to be really a metal, which class of bodies 
it resembles in some of its properties. 




Compounds of Hydrogen and Oxygen. 

There are only two compounds of these substances known, 
the protoxide, or water, and the peroxide ; and the latter is 
altogether an artificial product, of difilicult formation. 

217. Protoxide of Hydrogen^ or Water — HO, or Aq. ; eq., 
(1 -f 8= )9. — This compound, considered in all its important 

filled with it is lifted from its place, why does not the gas instantly 
escape? If a lighted candle is raised into the gas, what will be 
the effect? Is it a supporter of combustion? Why does the gas 
burn only at the surface, when it comes in contact with the air? 
What class of bodies does hydrogen, in many of its properties, re- 
semble? How many compounds of oxygen and hydrogen are 
there? 

217. What is the common name for protoxide of hydrogen? 
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relations, and absolutely universal diffusion, is probably the 
most important substance known to man. It is the sole 
product of the combustion of hydrogen, whether in the open 
fLiT or mixed with oxygen gas. In the experiment for pro- 
ducing musical sounds, the water that is formed will be seen 
to condense in considerable quantity on the inside of the 
glass tube, at the beginning of the process, but it will be 
evaporated when the tube becomes hot. 

The affinity of hydrogen for oxygen is very great, but the 
two gases do not combine spontaneously, even if kept toge- 
ther for any length of time. We have seen above (192) that 
two measures of hydrogen combine with exactly one measure 
of oxygen ; and the mixture may be exploded by the approach 
of flame, by the electric spark, by intensely heated metal, or 
by the mere presence of spongy platinum, a substance that 
will be described hereafter. To explode the mixed gases by 
the electric spark, the spark must be made to pass through 
them. This is accomplished in the following manner. A small 
metallic vessel, as a miniature cannon, has a metallic wire, 
W, inserted in one side through a 
piece of wood or ivory, so as to 
extend nearly through to the other 
side, as shown in the figure. The piece is then to be filled 
with the proper mixture of the gases, and a cork, C, inserted 
in the muzzle. If, now, a spark of electricity be communi- 
cated to the ball of the wire W, in escaping from the other 
end it ignites the gases, and the cork is forced out with a 
loud report. If a mixture of equal parts of hydrogen and 
atmospheric air is used, the effect will be nearly the same. 

The ignition of hydrogen by spongy platinum is well 

Wbaj is said of its importance to man? What is formed when 
hydrogen is burned ? How is this shown in the experiment for 
producing musical sounds'? Will oxygen and hydrogen combine 
spontaneously? In what proportion by measure do they unite? 
How may the mixtuie be exploded ? By what means is the eleo- 
14 
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shown by holding a small piece or this subalance in k jet of 
the gas, by means of a small wire twisted round it. The 
platinum luDBt be perfectly dry. It gradually becwnea heated 
to redness, and soon the jet is inflamed. The common hg- 
drogenjlre-apparaiua acts upon this principle. Its construc- 
ti<Hi is shown in the figure in the ma^in. A 
\ cylindrical glass vessel, A, is partly filled with 
dilute sulphuric acid, and in it is a small glass 
receiver, B, firmly cemented at the top into a 
cap connected with the braaa cover. By the 
action of the acid upon a piece of zinc, Z, 
. suspended inside of this receiver Bear the bot* 
* torn, it is soon filled with hydrogen gas, 
which, on turning the bucet F, is forced out 
by the rise of the liquid upon a piece of platinum sponge, 
contained in the cup G. Soon the platinum is heated so as 
to inflame the jet of hydrogen, from which a candle can be 
at once lighted. The platinum sponge often loses its pro- 
perly of inflaming hydrogen, but recovers it again by being 
heated. 

Tlie compound blov)pipe, which is an invention of Dr. 
Hare of Philadelphia, is a contrivance by which two jets, 
one of hydrogen and another of osygen, are made to issue 
together, and are inflamed as they escape. The gases are 
brought by flexible tubes from separate gas-holders, so as to 
discharge, as near as may be, two measures of hydrc^en to 
one of oxygen. The heat produced by this instrument ia 
very great, probably exceeding that produced by any other 
means. Platinum and other substances incapable of fusion 
in the hottest furnaces, are melted, and often even volatilized 
by it A small piece of lime, held in the flame, becomea 
intensely heated, and glows with a brilliant light, exceeding 
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any other that can he produced artificially. It is known 
under the name of the Drummond lighty and is much used 
for practical purposes. 

218. TVater^ at ordinary temperatures, is a transparent, 
colorless liquid, without taste or smell. In the open air, it 
boils at a temperature of 212°, and freezes at 32°. The 
vapor produced by boiling, familiarly called steam, is per- 
fectly colorless and transparent, and has a density of 0.620, 
air being I ; 100 cubic inches weighing 14.96 grs. In the 
form of ice, its density is 0.92. A cubic inch of pure water 
weighs 252.458 grs., being 814 times as much as an equal 
volume of air would weigh. A cubic foot weighs about 1000 
oz., or 62s lbs. avoirdupois. Water is probably the most 
powerful solvent known. It is capable of combining, in 
definite proportionsy with many substances, forming com* 
pounds which yet remain perfectly dry. They are usually 
called hydrates. Substances from which all water has been 
separated are said to be anhydrous. 

Water is never found naturally perfectly pure; that of 
wells, springs, and rivers always contains carbonic acid and 
saline matter in solution, obtained while percolating through 
the soil ; and that from rain 'or snow is impregnated with 
air and oxygen, and sometimes with other gases. It is ob- 
tained pure only by distillation ; and even then, by standing 
for a time, it takes up more or less atmospheric air, which, 
however, does not unfit it for the ordinary operations of the 
laboratory in which it is required. 

The difierent processes for procuring hydrogen, given 

218. What is water at ordinary temperatures ? What are its 
boiling and freezing points'? What is the density of steam, as 
compared with air? What is the density of ice, water being 1 ? 
What is the weight of a cubic foot of water? What is said of its 
solvent power? What are its compounds called? When is a 
substance said to be anhydrous ? Is Uie water of wells and springs 
pure ? How only may perfectly pure water be obtained ? Explain 
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above, require some further explanation, before we dismiss 
the subject. The first method is founded on the fact that 
iron, at high temperatures, decomposes water when presented 
to it in the form of steam, the oxygen combining with the 
iron to form protoxide of iron, and the hydrogen being set 
free. The changes are thus represented : HO-f Fe=FeO+ 
H. The changes which take place in the second and more 
common process for procuring this gas,, are more compli- 
cated. They are represented in the following formula*: thus, 
HO,S03+Zn=:ZnO,S034-H. In this case it will still be 
seen that it is the water, which supplies the hydrogen. The 
oxygen of the water is transferred to the zinc, forming prot- 
oxide of zinc, with which the sulphuric acid immediately 
combines. When a piece of clean zinc is immersed in water, 
little action takes place, because the outside becomes coated 
with a thin film of oxide of zinc, which is insoluble in water; 
but if sulphuric acid is present, this oxide is instantly dis- 
solved, and thus a clean surface constantly exposed to the 
water. 

In the third process, the metal itself at once decomposes 
a portion of the water, forming a soluble oxide of the metal, 

and liberating the hydrogen. Thus, HO + K = KO + H. 

219. Peroxide of Hydrogen—HOi ; eq., ( 1 + 1 6 = ) 1 7. — 
This substance is formed only by a difiicult and rather com- 
plicated process, and is easily decomposed into water and 
oxygen. It is a liquid, and has a specific gravity of 1.45| 
watCT being 1. 

the method of procuring hydrogen by the action of heated iron 
upon steam. Explain the second mode, by the use of sulphuric 
acid and zinc. Explain the last process described, by the use of 
metallic potassium or sodium. 

219. What is the composition of peroxide of hydrogen? 
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Symbol, H-, EquioaUttt, 14.1; Densitij, 0.9Ti. 

220. Halory. — The existence of this element has been 
knowD since 1772; and it was recognised as a constituent 
of the atmosphere in 1776. Jt was first called aiole (from 
d, privitive, and zoe, life), because it does not support life ; 
it receives its present name from the circumstance thai it 
forms an ingvedient of nitre. 

.221. Preparation. — Nitrogen gas is readily prepared, 
nearly pure, by burning a piece of phosphorus in a receiver 
over water. A small cup, C, containing 
a piece of phosphorus, is placed upon 
the surface of the water in the pneumatic 
cistern, the phosphorus ignited, and the 
receiver then placed over it. Che phos- 
phorus continues to burn, absorbing all 
the oxygen, and the water rises to sup- 
ply its place, as shown in the figure, i 
Some vapor of phosphorus, carbonic acid, 
and perhaps a trace of other gases, may 
be contained in the nitrogen thus prepared, but it will be 
found sufficiently pure for neatly all purposes. Olher pro- 
cesses might be described for procuring it, but the above is 
the most speedy and convenient. 

222. Properties. — Pure nitrogen is a colorless gas, wholly 
devoid of smell and lasle, and is distinguished from other 
gases more by negative characters than by any striking qua- 

330. Why baa nitrogan been called azote) Why baa it received 

231. How may nitrogen gas be prepareil * Why does the water 
risB in the receiver as tlia coiobusiion goes on? Will the nitrogen 
thus prepared be pure! 

822. What ace some of tlie properties of nitrogen? Does it sup- 
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lity. It is not a supporter of combustion, but, on the con- 
trary, extinguishes all burning bodies that are immersed in 
it. No animal can live in it; but yet it exerts no injurious 
action either on the lungs or on the system at large, the pri- 
vation of oxygen gas being the sole cause of death. It is 
not inflammable, like hydrogen; though, under favorable 
circumstances, it may be made to unite with oxygen. It is 
slightly dissolved by water, and is sometimes found in the 
water of mineral springs, as at Lebanon, in the state of New 
York. 100 cubic inches of the gas weigh 30.16 grs., giving 
a specific gravity of 0.97. 



Atmospheric Air. 

223. The earth is everywhere surrounded by a mass of 
gaseous matter, called the atjj^sphere^ which is preserved at 
its surface by the force of gravity, and revolves with it around 
the sun. It is colorless and invisible, excites neither taste 
nor smell when pure, and is not sensible to the touch, unless 
when it is in motion. It possesses the physical properties 
of elastic fluids in a high degree. Its specific gravity is 
unity (I), being the standard with which the density of all 
gaseous substances is compared. It is 814 times lighter 
than water, and nearly 11,065 limes lighter than mercury, 
100 cubic inches weighing 31.01 grs. 

Atmospheric air is composed of nitrogen and oxygen, 
with a variable proportion of carbonic acid and watery vapor, 
and usually a trace of ammonia. Besides these, there may 
occasionally be other substances present, depending upon 
local cause& as the odoriferous principle of plants, and the 

port combustion or re^iration ? Is it absorbed by water ? Is it 
sometimes found in the water of springs ? 

223. What is meant by the atmosphere? Is the atmosphere 
visible ? How many times is atmospheric air lighter than water ? 
What is the weight of 100 cubic inches 1 What is the atmosphere 



ATMOSPHERIC AIR. 



163 



miasmata of marshes, which is supposed to be the chief cause 
of disease in many unhealthy situations ; but they cannot be 
detected by chemical tests. 

Instruments for determining the relative proportion of the 
gases composing the atmosphere are called eudiometers. The 
following contrivance answers the purpose 
very well. Let a glass tube, closed at one 
end, and graduated to 100 parts, with a small 
piece of phosphorus supported in it on a wire 
near the top, be placed as in the figure, with 
the open end immersed in a vessel of water. 
The phosphorus gradually absorbs the oxy- 
gen of the air in the tube, and the water rises 
to supply its place. In one or two days, de- 
pending upon the temperature, the absorption 
will be complete ; and the number of the di- 
vision of the tube now filleAtrith water will 
indicate the proportion of oxygen. 

By the above and other similar modes of 
analysis, it is found that the atmosphere in 100 parts is 
composed of — 

By WeigkL Bf Measure, 

Nitrogen 76.9 79.3 

Oxygen 23.1 20.7 




100 



100 



The 'proportion of carbonic acid varies from 2 to 6 parts in 
10,000 of air. 

The atmosphere is believed to extend to the .height of 
about forty-five miles, becoming continually less and less 
dense from the surface upward ; and presses by its gravity 

composed of? What are instruments for determining the relative 
proportions of the gases composing the atmosphere called? De- 
scribe the eudiometer figured in the margin. What are the pro- 
portions of nitrogen and oxygen by weight and by volume? What 
is the proportion of carbonic acid usually present ? How high does 
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upon the sur&ce with a force equal, ordinarily, to about 15 
lbs. to the square inch. It is capable of supporting a column 
of water about 34 feet, and a column of mercury about 30 
inches in perpendicular height.. 

The chief chemical properties of the atmosphere are owing 
to the presence of oxygen gas. Air from which this princi- 
ple has been withdrawn, is nearly inert It can no longer 
support respiration and combustion, and metals are not oxy- 
dized by being heated in it The uses of the nitrogen are 
in a great measure unknown. It has been supposed to act 
as a mere diluent to the oxygen ; but it most probably serves 
some useful purpose in the economy of animals and plan is, 
the exact nature of which has not been discovered. 

The question has often been discussed, whether the oxy- 
gen and nitrogen of the atmosphere are to be considered as 
chemically combined, or onl^n a state of mixture; but tlie 
latter opinion now generally pbvails. It has been supposed 
that if they are merely in a state of mixture, oxygen, 
being the most dense, ought to settle towards the 
surface of the earth ; but it is found by experiment 
that gases, whatever may be their relative density, 
when brought in contact, mix uniformly with each 
other. Thus, if two bottles, a and e, are each filled 
^Ip with a gas, the most dense being in the lower, and 
are then made to 'communicate together by ipeans 
of the faucets h and c, and connecting tube (2, the 
two gases will gradually diffuse themselves equally 
through the whole space. The mixture of the gases 
will even take place through thin membranes, whe- 
ther animal or vegetable ; the least dense of the gases pass- 
ing much the most rapidly. 

the atmosphere extend ? What is the amount of atmospheric pres- 
sure upon each square inch of surface ? To what are the chief 
chemical properties of the air owing? Are the gases in the atmo- 
sphere to be considered in combination, or only in mixture ? Why 
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There is still one circmnstance for consideration respect- 
ing the atmosphere. Since oxygen is necessary to combus- 
tion, to the respiration of animals, and to various -other na- 
tural operations, by all of which that gas is withdrawn from 
the air^ it is obvious that its quantity would gradually dimi- 
nish, unless the tendency of these causes were counteracted 
by some compensating process. This, to some considerable 
extent, is accomplished by vegetation, as it is found that 
healthy plants, under the influence of the sun's light, are 
constantly absorbing carbonic acid from the air, the carbon 
of which is retained, while the oxygen is returned to the air, 
as we have before seen (216). Still, it has been calculated 
that the loss of oxygen employed in respiration, over the 
whole surface of the globe, in 100 years, would not exceed 
T^7 part of the whole quantity contained in the atmosphere. 

Compounds of JSitrogen and Oxygen, 

224. Oxygen combines with nitrogen in ^ve different pro- 
portions, forming the compounds NO, NOj, NO3, NO4, and 
NOg ; the last three of which are acids. 

225. Protoxide of Mtrogen—NO \ eq., (14.1 + 8=)22.1 
— This is a colorless gas, 
of a sweetish taste and 
smell, and is sometimes 
called nitrous oxide, 100 
cubic in(thes of it weigh 
47.22 grs., its density 
therefore being 1.52. It 
is best prepared as shown in the figure, by heating nitrate 

does not the heaviest settle to the surface ? Under what circum-* 
stances do plants give out oxygen to the air? 

224. In how many proportions do oxygen and nitrogen combine? 
What is the relative proportion of oxygen in each? 

22c. What are some of the properties of protoxide of nitrogen? 
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of ammonia, by means of a spirit-lamp, in a glass retort. 
The sole product of the operation, when carefully conducted, 
8o as not to raise the temperature too high, are water and 
the gas in question. Thus, nitrate of ammonia, NHsJ^Og, 
when heated, becomes 3 HO +2 NO; each atom of the salt 
yielding 3 atoms of f^ater and 2 atoms of the gas. 

This gas may be collected oyer water, but should not be 

allowed to stand long over it, as it is gra- 
dually absorbed. A lignted candle and 
phosphorus burn in it with great brilliancy, 
and sometimes th^ combustion of iron wire 
in it may be effected, but not without di^ 
ficulty. By a pressure of about 50 atmo- 
spheres it is compressed into a liquid, 
which freezes or becomes solid at about 
150° below zero; and by the evaporation 
of this solid^a temperature cpnsiderably 
lower than this has been attained. Its 
action on the system, when breathed, is very remarkable, 
producing a species of intoxication, which has acquired for 
it the name of laughing gas. In a few cases, when it has 
been inspired, injurious effects have resulted ; and it should 
never be breathed but with caution. 

226. Binoxide ofJS/itro- 
gen—NOi ; eq., (14.1 + 16 
= )30.1.— This is also a 
gaseous substance, and is 
easily obtained by pouring 
nitric acid upon pieces of 
copper contained in a glass 
retort. The arrangement 
shown in the figure is very 

From what is it prepared ? Explain the process. Will this gas 
support combustion? Why has it been called laughing gas? 
226. How is binoxide of nitrogen prepared ? Explain the pro- 
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conreDient for the purpose. Into the glass vessel a put some 
dean pieces of metaUiccopper^and then introdace ihe cover, 
through which parses the glass tube b, with a funqel al lop, 
and extending nearly to the bottom of the vessel, and a lead 
tube, c, bent at right angles, to convey away the gaa as it is 
formed. The cover muat fit very accurately, in order to 
prevent the escape of the gas, which is rapidly formed as 
soon as a little nitric acid is introduced by the funnel and 
tube i. it may be 'collected over water, but a small propor- 
tion is absorbed. 

The cbaoges which take place between the copper and 
the acid are indicated as follows : — 

4NO5+8CU = 3(CuO,NO,)+NO,. 
Thus, from 4 atoms of nitric acid and 3 of copper, there are 
formed 3 atoms of nitrate of protoxide of copper, and one 
of the binoxide of nitrogen. 

Binoxide of nitrogen, called also nitric oxide, is a color- 
)e^ gas, of a density 1.04, 100 cubic inches weighing a little 
more than 32 grs. Its most striking property is its slroug 
affinity for oxygen, although mosi sub- '^ 

stances introduced into it in a state of 
combastion are extinguished. Charcoal 
and phosphorus, however, burn in it 
with great splendor. When allowed lo 
escape into the air, it forms, with the 
oxygen of the air, dense orange fumes 
of nitrous acid. Tiius, if a bell-glass 
receiver, filled with it over water, be sud- 
denly inverted in the air, the dense orange 
fumes of nitrous acid formed by its union 
with the oxygen of the atmosphere will 
cess, and ibe chemical changes that take place. What are some 
of the properties or Ihis substance ? What ia gaiil lo be its most 
striking property ' What are produoeJ when it is allowed lo escape 
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rise for a few moments from its interior, like smoke from a 
chimney. 

227. Hyponitrous Acid^NO,-, eq., (14.1 + 24= )3B.l.— 
This acid is formed by mixing 4 meaaures of binoxide of 
nitrogen with 1 of oxygen, both perfectly dry, and subject- 
ing the mixture to a cold of zero. It is a colorless liquid, 
which is at once decomposed by water into nitric acid and 
the binoxide. It combines with sulphuric acid end water, 
ami forms a solid compound. 

228. JVilroiisAcid—lSOi; eq.,(l4.1 + 32=)46.1.— This 
substance is formed, as we have seen, whenever binoxide of 
nitrogen comes in contact with oxygen. It may also be 
prepared by other means. At 32° it is a yellow liquid, of 
a density of 1.45, and boils at 82°. 

239. Mfric^cid— NOsi eq.,(l4.1+40=)54.1.— Nitric 
acid, OTMqaaforlis, is always seen as a liquid, and is best 
obtained by decomposing nitrate of potash or nitrate of soda 
by strong sul- 
phuric acid, by 
the aid of heat 
The salt, previ- 
ously well dried, 
is placed in a re- 
; tort of hard glass, 
A, with an equal 
weight of strong 
sulphuric acid, in 
a furnace, and anrronnded at the bottom with sand. A mo- 
derate heat is applied, and the nitric acid, as it is separated, 
distils over into the receiver B, where it is condensed. To 
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render the condensation more eomplete, the receiver may be 
surrounded with a net-work, and cold water from a pipe, ?', 
made to fall constantly upon it. The water escapes by the 
troughs CC and ed. 

Nitric acid, as thus formed, is a dense liquid, of a yellow 
or orange color, and always contains more or less nitrous 
acid mixed with it. In its most condensed state it has a 
density of 1.52, and boils at 248^. It always contains a 
portion of water, it being impossible to obtain the free acid. 
It is one of the most powerful acids known, and oxydizes 
many substances powerfully. Powdered charcoal and oil 
of turpentine are ignited by it^ and most animal and vegeta- 
ble bodies disorganized. A small drop on the skin will, in 
a few seconds, destroy its vitality, and produce a permanent 
yellow spot. There are two varieties of it in commerce, 
called single and double aqiuifortis^ the latter of which is 
much the strongest, but its specific gravity seldom ex- 
^ceeds 1.40. 

Nitric acid is much used in the arts for etching on copper, 
as a solvent for the metals, &c., and as a tonic in medicine. 
In the laboratory of the ch^nist, it is in constant and most 
important use in a great variety of op^Blons. 

Compounds of J^Titrogen and Hydrogen, 

230. ^mmomV-NH,; eq., (14.1 +3=) 17.1. —This gase- 
ous substance is the only compound of nitrogen and hydro- 
gen that is known. It has been called by a variety of names, 
as hartshorn^ spirits of hartshorn^ volatile alkali^ &c. It has 

of its properties 1 What is its density when most concentrated ? 
Can it be freed from water ? How is powdered charcoal affected 
by it when warm 1 

230. What is ammonia composed of? What are some of the 
names by which it is called ? In what has it sometimes been de- 
tected ? How may it be readily obtained ? What are some of its 
15 
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flometimes been detected in* rain-water, either alone or in 
combination with nitric acid ; but it is readily obtained by 
heating the common solution of ammonia, called aqua am- 
monies or a mixture of sal ammonia and recently slaked lime. 
It is a colorless gas, and possesses a yery pungent odor, by 
which it may always be distinguished. By a pressure of 
six or seven atmospheres it is compressed into a liquid ; it 
also takes the liquid form by the application of intense cold, 
under the ordinary atmospheric pressure. A lighted candle 
plunged into it is extinguished, but a small jet of it bums in 
oxygen gas. Its density is about 0.59, 100 cubic inches 
weighing 18.29 grs. 

This gas is largely absorbed by water, and must therefore 
always be collected oyer mercury. Water at 32° is capable 
of dissolving 780 times its own volume of it, and then forms 
the liquid ammonia^ or aqua amnumicB of commerce. As 
the gas is absorbed, the water increases considerably in vo- 
lume, so that, when saturated, its density is only 0.87, and 
it contains 32 per cent of the gas. 

Ammonia is used extensively in the laboratory of the che- 
mist, and in medicine. Solutij^n of ammonia, taken inter- 
nally in considerdA^uantity, has been knoWn to produce 
death ; and the gfl^i inspired too long, is apt to occasion 
inflammation in the throat and lungs. 

231. Ammonium — ^NH4, or Am; eq., (14.1+4=)18.1. — 
This supposed substance has never been obtained in a sepa- 
rate state, bat there are.many reasons to believe that it enters 
into the composition of several compounds. When a solu- 
tion of sal ammoniac, containing a globule of mercury, in 
contact with the negative electrode of a galvanic battery, is 
decomposed by the current, the mercury swells up very 

properties? May it be compressed into the liquid form? Will it 
support combustion? What is said of its absorption by water? 

231. What Iftammonium? How may an amalgam of this sup- 
posed substance be prepared ? Can this amalgam be preserved ? 
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much, and becomes less fluid, but retains its metallic lustre, 
and in every, respect resembles an amalgam. The same 
substance is also formed when an alloy of mercury and po- 
tassium is immersed in a strong solution of sal ammoniac, 
-without the aid of the electric current. 

This compound, when removed from the solution in 
which it was formed, rapidly undergoes spontaneous decom- 
position, yielding ammonia and hydrogen ; and the mercury 
is left unchanged. Now it is believed that the mercury is 
in combination with the compound in question (NH4), which 
therefore seems to perform the part of h metal, and has re- 
ceived the name ammoniUm, We shall have occasion to 
speak of it again, when we are prepared to introduce its 
compounds. 

CARBON. 

SymholjC'y EquivaUrU^ Q,12 \ Dendly {cryslalized)^ 3.52. 

232. History. — Carbon, though rarel jr met with in nature 
perfectly pure and uncombined, is one of the most important 
of the elements, forming, as it does, an^f^ential ingredient 
of nearly all vegetable and animal bodil^ It is found in a 
variety of forms, as charcoal, mineral coal^ graphite or plum" 
hago, and the diamond. 

233. Preparation. — Carbon in the form of charcoal is 
prepared by heating wood and other substances, as gum, 
sugar, starch, ivory, and leather, in close vessels, by which 
means all the volatile substances contained in them are ex- 
pelled, and the black carbon, mixed with more or less impu- 
rities, remains. Common charcoal is usually prepared by 
covering a quantity of wood with earth, so as to admii but 

^" ■ - - -■ -^ ■■-■■■-■■-— ■ ■ -- — — — — ■ ■ — ■■ ■ ■ ■■■■ -.^i I. m 

232. Is carbon often met with in nature in a state of purity? 
What is said of its importance ? In what dijQTerent forms is it seen ? 

233. How is charcoal prepared ? How is coke prepared ? What 
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a small supply of air, and igniting it, by which means a part 
is consumed in charring the remainder. When the action 
is complete, the supply of air is stopped, and the fire extin- 
guished. Coke is formed by subjecting bituminous coal to a 
similar process. From ivory, and other animal substances, 
ivory^black and animal charcoal are formed. Lamp-black 
is produced by burning rosin and other similar substances 
in close chambers, with only a limited supply of air. 

234. The diamond is pure crystalized carbon, and is the 
hardest substance known in nature. The crystals are of the 

form of the regular octahedron, but the faces are 
frequently a little convex, as shown in the figure. 
Such crystals, properly set, are used for cutting 
glass, a purpose for which they are admirably 
adapted. Heated intensely in the ilame of the 
compound blowpipe, the diamond is entirely consumed, 
forming carbonic acid, just as if the same weight of pure 
charcoal had been consumed. Diamonds are generally very 
small, the largest ever found weighing less than six ounces. 
A single diamond has been sold for more than half a million 
of dollars. It is generally found in the same situations as 
gold and platinu^^A few crystals of little valae have been 
discovered in the vicinity of the gold mines in some of the 
southern states. It is a powerful refractor of light. 

235. Properties, — The most important properties of crys- 
talized carbon have been described aly)ve. In the form of 
charcoal it is a black, hard, brittle substance, perfectly inso- 
luble in every liquid, but attacked and oxidized (229) by 

is ivory-black 1 What is animal charcoal? What is lamp- 
black ? 

234. What is the diamond? What is said of its hardness? 
What is the usual form of the crystals? What use is made of the 
diamond in the arts ? What is the effect when the diamond is 
heated intensely ? In what situations is the diamond usually found ? 
What is said of ils power of refracting light ? 

236. What are some of the properties of carbon ? Can it be 
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Strong nitric acid. It is a good condactor of electricity, but 
a non-conductor of heat; is little acted upon by air and 
moisture, and is perfectly infusible in the most intense heat 
that can be applied to it. Heated in the open air, it ^kes 
fire and burns freely, especially if in large masses, leaving 
a small residue of ashes^ consisting of a mixture of earthy 
and alkaline salts. 

Charcoal possesses the property of absorbing a large 
quantity of air, or other gases, at common temperatures, and 
of yielding the greater part of them again wh^n it is heated. 
Different gases are absorbed by it in different proportions; 
thus, while charcoal from boxwood absorbs, in the space 
of forty-eight hours, 90 times its own volume of ammoniacal 
gas, 85 of hydrochloric, and 35 of carbonic acid, and ole- 
iiant gas, it will, in the same time, tdke up only 7.5 times 
its volume of nitrogen, and 1.75 of hydrogen. Recently- 
burned charcoal absorbs air and moisture so rapidly, for a 
few days, as materially to increase its weight. Both air and 
moisture are absorbed and retained with such force, that a 
red heat is required to expel them. This absorption of air 
may be readily shown in the following manner: — ^Let a 
piece of charcoal, of moderate size, be heated 
to redness for a few minutes, and then quenched 
under mercury, and placed under Receiver, 
over the mercurial cistern. The mercury 
will, in a few moments, begin to rise, in con- 
sequence of the absorption of the air within ; p 
and the process will continue for several hours. 

Charcoal, likewise, absorbs the odoriferous and coloring 
principles of most animal and vegetable substances. When 
colored infusions of this kind are digested with a due 




fused? What takes place when it is heated in the open airl 
What is said of its power of absorbing gases ? How may the ab- 
15* 
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quantity of charcoal, a solution is obtained which is nearly, 
if not quite, colorless. Tainted flesh may be deprived of its 
odor by this means, and foul water be purified by filtration 
through charcoal.' The substance commonly employed to 
decolorize fluids is animal charcoal reduced to a fine pow- 
der. It loses the property of absorbing coloring matters by 
use, but recovers it by being heated to redness. 

At very high temperatures charcoal has a higher aflinity 
for oxygen than any other substance, and is therefore often 
heated with oxides of the metals to deoxidize them, or de- 
prive them of their oxygen. 

290. Mineral coal is of two kinds ; the bituminous and 
the non-bituminous^ or anthracite. 

Bituminous coal is distinguished by its softening, like wax, 
when heated, and giving ofif much gas, which, of course, 
burns with flame. \i is also much lighter than anthracite, 
and more easily ignited. Some of the difl^erent varieties of 
bituminous coal are caking^ splint, cherry, and cannel coal. 
Jet, also, which is used in jewelry, is a bituminous coal ; 
and in the same family may be included toood or Bovey 
coal, sometimes called lignite. 

Anthracite, or stone-coal, diflers from the above varieties 
in containing no bituminous matter ; and, therefore, it yields 
no inflammable gas by heat. Its sole combustible ingre- 
dient is carbon ; and, consequently, it bums without flame. 
It is found in difl^rent countries, but nowhere in such pro- 
fuse abundance as in the eastern part of the State of Penn- 
sylvania, which supplies most of the northern and eastern 
parts of the United States with fuel. 

sorption df air be shown ? How is it used to decolorize liquids % 
What is said of its affinity for oxygen at high temperatures? 
. 236. What two kinds of mineral toal are there ? How do they 
differ from each other 1 What are some of the varieties of bitumi- 
nous coal that are mentioned ? How does anthracite or stone-coal 
differ from the above ? Where is this variety of coal found in this 
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All the varieties of mineral coal are believed to have beea 
formed from vegetable substances, which, in the changes the 
earth's surface has undergone, have become buried be- 
neath it 

237. Graphite^ or plumhago; called, also, very impro- 
perly, black lead^ is carbon in a mineralized state, contain- 
ing usually about 5 per cent, of iron. It is often found 
crystalized in thin scales. 

Carbon is used as fuel ; in forming gunpowder ; as a pig- 
ment; in the formation of steel; as a polishing-powder ; . 
and in medicine, as an antiseptic, &c. &c. Graphite is used 
in the manufacture of drawing-pencils; and, also, in the 
manufacture of crucibles, or melting-pots, which are capable 
of withstanding great heat. 

Compounds of Carbon and Oxygen. 

238. Carbon combines with oxygen in two proportions, 
forming carbonic oxide (CO) and carbonic acid (CO,). 

239. Carbonic Oxide^ Protoxide of Carbon, — CO ; eq. 
(6.1 + 8=) 14.1. This is a gaseous substance, and is best 
prepared by heating a mixture of equal parts of dry, pow- 
dered chalk and iron-filings in a gun-barrel. The chalk, 
which is carbonate of lime, when heated, gives off its car- 
bonic acid (the compound next to be described) in contact 
with the heated iron, by which one-half of its oxygen is 
instantly absorbed ^215), and the carbonic oxide thus pro- 
duced passes on, and may be collected over water. Thus, 
CaO,COj +Fe = CaO + FeO + CO. 

country? From what have all the different varieties of mineral 
coal been fotmed ? 

237. What is graphite or plumbago ? What uses are made of 
carbon ? 

238. How many compounds of carbon and oxygen are there ? 

239. How is carbonic oxide prepared? Explain the process. 
What are some of its propeities ? 
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The density of the gai is about 0.97 ; 100 cubic inches 

weighing 30.20 grs. It is highly combustible, and burns 

wiih ft beautiful, blue flame. It will not 

support respiration or combuBtion ; and 

a lighted candle being immerBed in it, as 

'heretofore described in connection with 

hydrogen (210), is instantly extinguished. 

240. Carbonic Jcid.— CO,; eq. (6.1 + 

16=) 28.1. — Carbonic acid is remarkable 

as being the first gaseous substance recog- 

'' nJzeU, after atmospheric air, which must 

always have been known. It was first 

described by Dr. Black, in 1757, and called, 

^ by him, _fixed air, because he Tound it 

Jixed in common limestone and magnesia; from which it 

may be expelled by heat, or by (he action of hydrochloric, 

sulphuric, or any strong acid. It may be collected over 

water, but a portion will be ab< 

soriied. A gas-bottle, of the form 

shown in the figure, is convenient 

for preparing it. Some fragments 

of marble, and water, are placed in 

the bottle, and the cover put on, 

and then stroiig hydrochloric acid 

^ is poured into the long-cecked 

funnel. No beat is required. 

As thus prepared, carbonic acid is a colorless, inodorous 

gas, of specific gravity 1.52; 100 cubic inches weighing 

47.14 grains. 

It is so much heavier than atmospheric air, tliat it may 
be poured from one vessel lo another without difficulty. 

240. For what is carbonic acid remaikable 7 Why has it tieon 
called fijed air ? How may it be prepared from marble and hy- 
diochloric acid t What Bie aome of iti pcapenies? How may the 
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Let a bottle,* with a wide mouth, be filled with the gas, and 
then plunge into it a piece of lighted paper, or other sub- 
stance, so that some smoke may 
be mixed with it and render its 
motions visible. Then hold the 
bottle in the hand, as if pouring 
a liquid from it (as represented 
in the figure), anxl the motion 
of the gas, as it is emptied from it, will be made apparent 
to the eye. 

By a pressure of thirty-six atmospheres, at 32°, it is 
converted into a beautiful transparent liquid, which may 
be frozen by intense cold, in the manner already ex- 
plained (104). 

It is capable of supporting neither combustion nor respira- 
.tion ; — a burning candle plunged into it is instantly extin- 
guished ; and a living animal, thrown into a vessel containing 
it, even though considerably diluted with air, soon dies. 
Carbonic acid is always produced by ordinary combustion ; 
and lives have often been lost by persons placing an open 
dish of burning charcoal in their bed-rooms before retiring 
to rest. The oxygen of the air in the room is taken up by 
the carbon, and the gas in question takes its place, pro- 
ducing the effects described. It is produced, also, by the 
decay of animal and vegetable substances, and sometimes is 
found collected in caves and wells, and is called choke-damp. 
A person should never descend into a deep well without first 
testing the air contained in it by letting down a burning 
candle, which will usually be extinguished if this gas is 
present in sufiicient quantity to be dangerous. 

pouring of it from one vessel to another be shown ? What wiU 
be the effect of plunging a lighted candle into it? Will it support 
respiration 1 Why is it dangerous to have an open dish of burning 
charcoal in a close apartment 1 Where is this gas sometimes found 
collected ? 

M 
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241. Soda-fauniains are fonned b^ compreaeing a large 
qnantity of this gas in water, contained in a strong Tessel 
adapted to the purpose. When the tube leading from the 
fountain is opened, the water is forced out by the pressure^ 
and efTerresces violently by the escape of the gas. Soda- 
powders, &c., often used to produce an agreeable drink, ia 
the absence of a soda-fountain, consist of bicarbonate of 
soda and tartaric acid, which, when mingled together in 
solution, produce, by chemical action, tartrate of soda, the 
carbonic acid passing off into the air with efiervescence. 
So, also, the effervescence which takes place on opening a 
bottle of beer, cider, or champagne wine, is owing to the escape 
of this gas, which has been produced by the fermentation 
of the liquid. All kinds of spring and well-water contain 
it in small quantity, and become insipid to the taste by 
boiling, in consequence of the sas having been expelled. 
It is also always present in the atmosphere, as before 
stated. 

Lime-water is an excellent test for carbonic acid ; and a 
vessel of it being allowed to stand a few hours, becomes 
coated with a pellicle of carbonate of lime, by absorbing 
this gas from the air. So lime-water becomes milky by 
blowing into it with a tube from the lungs, for the same 
reason. A portion of the hmctis changed into carbonate 
of lime, which is insoluble, and gives the water its milki- 

ness. 

• — -,_ 

241. What ar« soda-fountains? Why does the water effervesce 
aAer escaping from the fountain? What occasions the efferves- 
cence when a bottle of beer, cider, or champagne is opened? What 
test for carbonic acid is mentioned ? How will lime-water be af- 
fected by standing in the open air? 
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Compounds of Carbon and ^drogen, 

242. Carbon and hydrogen combine in a number of dif- 
ferent proportions, producing compounds, several of which 
are of special interest, because of their isomeric character ; 
but we shall here describe only two, bot^of which are 
gaseous, viz., light carhuretted hydrogen (CHj) and olejiani 
gas (C2H2). 

243. Light Carhuretted Hydrogen — CH9; eq. (6.1 + 
2=)8.1. — ^This gas, called also fire-damp^ hydrocarhuret^ 
and dicarburet of hydrogen, is formed by the slow decom* 
position of wood, and woody substances under water, espe« 
cially in warm weather ; and may be obtained by stirring 
the mud j^nd other matters at the bottom of stagnant pools^ 
and collecting the bubbles of gas in a receiver, as they rise. 
It Sometimes accumulates in large quantities in coal-mines, 
where it is formed by the action of water upon the coal. 
By the miners, it is cslled Jire-damp. ' 

It is a colorless, transparent gas, 100 cubic inches of 
which weigh 17.37 grains, giving it a specific gravity of 
0.56. A burning candle is extinguished by it, but it is, itself, 
highly combustible, and burns with a feeble, yellow fame. 
Myced with twice its owi^ volume of oxygen, or seven or 
eight times its volume of air, it explodes violently by the 
electric spark, or on the approach of flame. 

244. Olefiant Gas^ or Heavy Carhuretted Hydrogen — 
CaHj; eq. (12.2 + 2=)14.2. — ^This gas was first described 
in 1706, by some Dutch chemists, who gave it the name, 

242. What compounds of carbon and hydrogen only will be here 
described ? 

243. Where may light carhuretted hydrogen be found, in the 
warm season ? How may it be procured ? How is it formed in 
coal mines? What is it called ? What are some of its properties ? 
With what does it form an explosive mixture ? 
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olefiant gas^ because of its forming with chlorine a pecu- 
liar oil-like liquid It is colorless and tasteless, and but 
slightly absorbed^ water; 100 cubic inches weigh 30.41 
grains, so that its density is 0.98. 

Olefiant gas is prepared by mixing, in a capacious retort, 
one part of al^iol with four of concentrated sulphuric acid, 
and heating the mixture, as soon as it is made, by means of 
a lamp or ignited charcoal. The acid soon acts upon the 
alcohol, effervescence ensues, and olefiant gas passes over, 
mixed with other substances, chiefiy sulphurous acid, from 
which it may be purified by washing it with solution of 
lime or caustic potassa. 

As might be expected, olefiant gas does not support com- 
bustion; but a jet of it burns in the air, or in oxygen gas, 
with a brilliant white light. Mixed with oxygen, or air, in 
proper proportions, it explodes violently, like the preceding 
compound. 

It should nerhaps be stated that, by some, the equivalent 
of this gas is considered to be double of that given above, 
or 28.4 (C4H4). Its equivalent has not been fully deter- 
mined. 

Illuminating Gas is usually a mixture of olefiant and 
light carburetted hydrogen gases, and is formed by distilling, 
in large cast-iron retorts, rosin, tar, or other rezinous or 
oily substances, or bituminous coal. Besides the gases 
mentioned, there are also formed other hydro-carbons, but 
in less quantity. Illuminating gas is used in immense 
quantities in large cities, for lighting the streets, and for 
fixed lights in stores and other buildings. 

A gas, not unlike that prepared by the distillation of coal, 
is often found to issue, ready formed, from the earth, and 

244. Why has olefiant gas received this name ? What are some 
of its properties? How is it prepared? What is illuminating gas? 
How is it formed ? For what purpose is it used ? Where is a gas 
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may be collected aod used like that formed by art. The 
village of Fredonia, in the state of New York, is lighted by 
natural gas, in this way; and in some iall works in Vir- 
ginia, it is^aid, no other fuel is used for boiling the brine. 

245. Safety-Lamp. — The safety-lamp is the invention of 
Sir H. Davy, to avoid the danger of explosions from mix- 
tares of the above gases with air, which often 
occur in coal-mines, when unprotected bmps 
are made use of. It consists simply of a com- 
mon lamp, the flame of which is surrounded 
hy wire gauze, as shown in the figure. But 
before proceeding to illustrate Ae mode in 
which it operates, same remarks on the 
general nature of flame will be necessary. 

Flame is gaseous matter in a state of com- 
bustion, and is made incandescent by the in- 
tense heat of the combustion. Two gases 
are needed lo produce it, one of which, in 
common language, must he combustible, and 
the other a supporter of combustion. The 
action is mutual between chem; — neither wilt 
bum alone ; — and a jet of either will bum in 
the other. 

In the common lamp, or candle, the combustible gasea 
are supplied from the oil, or tallow, which is gradually 
raised, by the capillary action of the wick, into the flame, 
where it is decomposed by the heat. Aa these gases, thus 
produced, escape from the wick, and come in contact with 
the oxygen of the atmosphere, they combine, producing the 



cimilar lo thU eometimes round ? WbKl village in Ibe state of 
New York is lighted with such gas? 

345. What iaihodeaipior the safety-lamp? Describe it. What 
is Samel Can a single gas burn alone? What two are needed 
fbi tbii purpose! Describe ibe mode in wbicb ibe flame of a 
16 
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phenomena of light and heat, with which all are familiar. 
A careful inspection of the flame of a lamp or candle, as 
it bums quietly, will show, that it is composed of 
three parts, viz : — 1st, a central part, a, surrounding 
the wick, and extending a little above it, of gaseous 
matter that has emerged from the wick, and is 
making its way outward to the atmosphere, which 
it has not yet reached, and therefore has not yet 
become ignited ; 2d, the bright part of the Hame, 
&5, which, in the form of a conical shell, incloses 
the part a, and consists of gaseous matter in a state 
of rapid combustion, the combustible particles, as they reach 
the air, uniting with its oxygen, with the evolution of much 
light and heat; and, 3d the part, cc, outside of the part 
last mentioned, composed chiefly of heated air, and mixed 
with a small portion of combustible matter in a state of 
ignition. 

That the dark, interior portion, a, is composed of com- 
bustible gas, may be shown by inserting, in the centre of 

the flame, one end of a small glass 
tube, as shown in the figure, and 
conveying away a portion, and ig- 
niting it as it escapes at the other 
end. So, when the flame of a can- 
dle is suddenly extinguished, the 
heat in the wick continues, for a 
short time, sufficient to decompose 
the tallow, and the combustible gases 
continue to rise in the form of smoke ; and may often be 
again relighted by applying the flame of another candle to 
the ascending smoke, several inches above the wick. 




candle or lamp is produced ? Of what three parts is it composed ? 
How may it be shown that the dark interior consists of combusti- 
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Now, flame being only intensely-heated gaseous matter, 
it cannot pass through anything that will cool it down be- 
low the temperature at which the combustion of the gases 
takes place ; and this effect, it is found, is produced by wire 
gauze. To show it, let a piece A. 

of such gau^e, &, be held in the "^ffl^^^^gi^JHBVi 
flame of a candle, a; the flame 
appears to be cut oflfby the gauze, 
and the gases pass through un- 
consumed, as shown at (2, and, 
by dexterous management, may 
be relighted. 

These principles being established, the mode in which 
the safety-lamp operates, to prevent an explosion of the 
mixed gases, is manifest. When the miner carries his lamp 
into an atmosphere charged with fire-damp, the flame begins 
to enlarge ; and the mixture, if highly explosive, takes fire 
as soon as it has passed through the gauze, and burns on its 
inner surface, the whole inside appearing to be filled with 
flame. Whenever this takes place, the miner is obliged to 
retire, lest, by the intense heat, the wire of the gauze should 
be melted or oxydized, and the flame communicated to the 
mixed gases, without the lamp. 

The operation of the lamp may be^JBhown quite well, by 
pouring a little sulphuric ether into a comnK)n glass receiver, 
which should be inverted and agitated a little, so that it may 
be filled with a mixture of air and vapor of ether, and then 
letting the lighted lamp down into it. The mixture of air 
and vapor of ether entering through the gauze, burns bril- 
liantly within the gauze, but the flame is not communicated 
to that without. 

ble gas? What will be the effect of holding a piece of wire gauze 
in the flame of a lamp? Explain the mode in which the gauze 
of the safety-lamp operates to prevent explosions of the mixed 
gases. Describe the experiment to show the operation of the lamp. 



184 SULPHUR. 



Compounds of Carbon and J^trogen. 

246. There are several compounds of these two sub- 
stances, but we shall notice only one, the hicarhuret of 
nitrogen (QN), or cyanogen (from kuanos^ blue, and gennaoj 
to produce, because it is an ingredient of Prussian blue). 

247. Bicarburet of Nitrogen^ or Cyanogen — CgN, or 
Cy; eq. (12.2-hl4.1 = )26.3. — ^This is a gaseous substance, 
and is readily formed by heating bicyanide of mercury (to 
be hereafter described) in a glass retort by a spirit-lamp. It 
is colorless, has a very pungent odor, and is easily com- 
pressed into a liquid. Of the pure gas, 100 cubic inches 
weigh 56.47 grains, giving it a density of 1.82. 

Cyanogen, though a compound, is remarkable for com- 
bining with the elementary bodies in the same manner as an 
element, forming a' class of compounds which are called 
cyanides. Further remarks concerning it will be deferred 
to Organic Chemistry, v 
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Symbol^ S; Equivalent^ 16.1; Density^ 1.99. 

248. History, — Sulphur, called also brimstone^ has been 
known from the remotest antiquity. It occurs, as a mineral 
production, in many parts of the world, particularly in vol- 
canic regions, as in the neighborhood of Naples, and in the 
island of Sicily. In combination with several of the metals, 
as iron, lead, copper, &c., it is still more abundant, and is 

246. Why has the bicarburet of nitrogen been called cyanogen ? 

247. What is the composition of cyanogen ? How may it be 
formed ? For what is this compound remarkable ? What are its 
compounds called ? 

248. Has sulphur been long known ? Where does it occur as a 
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found in almost eveiy place. From one of its compouods 
with iron, called iron pyrites, it ia procured in large quanti- 
ties, for the purposes of commerce. It is TonDd, also, in 
many organic bodies, as in eggs; in the hair, horns, and 
hoofs of animals, and in the seeds of black mustard. 

249. Properties. — Sulphur is a brittle solid, of a greenish- 
yellow color, emits a peculiar odor when rubbed, and has 
little taste. It is a non-condnctor of electricity, and is 
excited negatively by friction. It fuses at 226°, and b»- 
cornea nearly as liquid as waler; but if the heat be raised 
as high as 430°, it becomes so tenacious that the vessel 
containing it may be inverted without spilling it, and ia 
then of a dark molasses color. When healed to at least 428°, 
and theu poured into water, it becomes a ductile mass, 
which may be used for taking the impression of seals. 
After some time, it changes into its ordinary state. 

Fused sulphur has a tendency to crystalize in cooling. 
A crystaline arrangement is perceptible in the centre of 
common toll sulphnr ; and, by good ma- 
nagement, regular crystals may be ob- f 
tained. For this purpose, several pounds 
of sulphur should be melted in an earthen 1 
crucible; and, when partially cooled, the 
outer solid crust should be pierced, and 
the crucible quickly inverted, so that the 
. inner and as yet fluid parts may gradually flow ouL On 
breaking the solid mass, when quite cold, a confused 
arrangement of prismatic crystals will be found in the inte- 
rior. Sulphur is dimorphous (205). 

Sulphur is very volatile, and begins to rise in vapor even 
before it is completely fused. At about 600°, it boils, and 

mineral production? In what mineral sabstancsa ia it (bnnd ia 
. nKnbinBlion 1 la what organic bodies? 

^|49. Describe BOine of iu propertieB. How may it be crrBCal- 
Sr 16' 
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the vapor, if in a close yessel, will be condensed on an^ 
cold surface, forming the flowers of sulphur. The density 
of its vapor is about 6.65. When vapor of sulphur is 
brought in contact with vapor of alcohol, they unite; but 
solid sulphur is quite insoluble in alcohol, or water, but 
dissolves in boiling oil of turpentine, or in sulphuret of 
carbon. 

The vapor of sulphur combines readily with iron and other 

metals, attended with all the 
phenomena of combustion. 
Let the breech of a gun- 
barrel be heated to redness, 
and a lump of sulphur 
dropped into it, and then 
let the muzzle be instantly 
closed by a cork ; a jet of 
vapor of sulphur will issue 
violently from the touch-hole, which will be inflamed as it 
enters the air ; and a buncli of small iron wire, held in it, 
will bum freely, forming ' sulphuret of iron, which will fall 
in drops. 

Sulphur is used extensively in the arts, and in medicine. 
It is employed in the manufacture of gunpowder, sulphuric 
acid, the different kinds of matches, vermilion, &c., and for 
taking impressions of seals. In medicine, it is used in 
cutaneous diseases, and as a cathartic and alterative. 

izedl What are the flowers of sulphur? How may sulphur be 
dissolved in alcohol ? Describe the combustion of iron wire by 
vapor of sulphur, v • 
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Compounds of Sulphur and Oxygen, 

250. Sulphur and Qxygen combine in at least four pro- 
portions, forming the compounds, ^62, SO2, S2O5, SO^, all 
of which are acids ; but only the second and last will be 
here described. 

251. Sulphurous wjcid— SO,; eq. (16.1 + 16=)32.1.— 
This substance is gaseous at ordinary temperatures, and is 
the sole product of the combustion of sulphur in the open 
air, or in dry oxygen gas. It is more conveniently prepared, 
however, by heating strong sulphuric acid in contact with 
pieces of copper or mercury. One equivalent of the sul- 
phuric acid gives up one equivalent of its oxygen to unite 
with the metal, and the oxide thus formed is immediately 
dissolved by a second atom of the sulphuric acid, while the 
sulphurous acid passes off as a gas. Thus, 2 SOs+Hg^ 
HgO,S03+S02. 

Sulphurous acid is a dense, colorless gas, 100 cubic 
inches of which weigh 68.55 grains, giving it a specific gra- 
vity of 2.21. It is distinguished from all other gases by its 
suffocating odor, which every one has recognized in burning 
sulphur. It is absorbed largely by water, and may be con- 
densed into the liquid form by moderate pressure, or by a 
cold of zero. A little of the liquid may be obtained very 
easily, by putting a small quantity of mercury and sulphuric 
acid in a bent tube, as 
represented in the figure, 
sealing it hermetically, and 
supplying heat to the ex- 
tremity, a, which contains the materials, while the other, hj 

250. How many compounds of sulphur and oxygen are there ? 
What two only will be described ? 

251. How may sulphurous acid be prepared? Describe the 
chemical changes that take place, describe some of the properties 
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is kept cool by means of ice, or the evapomtion of etlier. 
The liquid will be soon found to collect in the cool part 
of the tube. Care should be taken not to heat the tube too 
much, lest it should burst. 

Sulphurous acid is much used for bleaching, especially 
articles of straw ; which, in a moist state, are suspended in 
an atmosphere charged with the gas. For this purpose, 
the gas is formed by burning sulphur in the air, in some 
enclosure, as a box or empty cask, in which the articles to 
be bleached are suspended. 

252. Sulphuric Acid-^SOs*, eq. (16.1-f 24=)40.1.— 
This acid is always seen as a dense liquid^ not unlike oil in 
.appearance ; and, having been formerly obtained altogether 
by the distillation of green vitriol (sulphate of iron), it 
received the name, oil of vitriol^ by which it is now often 
known. It is prepared at the present time, at Nordhausen, 
Germany, by the same mode. Green vitriol is thoroughly 
dried by heat, and then distilled, at a high temperature, by 
which it is decomposed, and the acid passes over and con- 
denses as a brown oil-like liquid, which still contains one 
eq. of water for every two eq. of the acid. Its composition, 
therefore, is 2(S03),HO. Its density is 1.9, or nearly twice 
that of water. When this liquid is again distilled, at a 
moderate heat, a dry, silky solid is obtained, which is the 
pure compound, SO3; but it possesses no acid properties until 
water is added, which changes it to common sulphuric acid. 
This solid has a strong affinity for water, and hisses like a 
hot iron, when thrown into it. 

The common method of preparing the oil of vitriol of 



of sulphurous acid. How may it be liquefied ? For what purpose 
is it much used ? 

252. In what form is sulphuric acid always seen? What is its 
common name ? How is it prepared at Nordhausen, in Germany? 
How may the dry acid be obtilned from this liquid ? How is the 
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commerce is, to burn a mixtnre of sulphur and nitrate of 
potash, or soda, in a furnace so contrived that the current 
of air which supports the combustion conducts the gaseous 
products into a large leaden chamber, the bottom of which 
is covered to the depth of several inches with water. Nu- 
merous complicated changes take place in the leaden cham- 
ber, during the combustion of the sulphur, by which oxygen 
from the air is transferred to the sulphur, converting it into 
this acid. The water is designed chiefly to absorb the 
vapors of sulphuric acid as they are formed; but watery 
vapor is also necessary in the chemical changes that occur. 
When the water in the chamber is sufficiently charged with 
the acid, it is drawn off and concentrated ' by boiling in a 
platinum still,) as long as its density continues to increase. 
It has then a specific gravity of 1.84 ^ and its composition 
is S03,H0, and ite equivalent, (16.1+24+9=)49.1. 

Sulphuric acid is, perhaps, the most important of all the 
acids, as by its aid nearly all the others are produced. Its 
acid properties are very decided ; aided by heat, it decom- 
poses animal and vegetable substances, causing a deposition 
of charcoal, and formation of water, which it absorbs. Its 
affinity for water is very great, and the combination of the 
two substances is attended with the production of con- 
siderable heat. If a mixture of four parts of 
the acid and one of water, is stirred with a 
test-tube containing sulphuric ether, the heat 
generated will be sufficient to cause the ether 
to boil. 

Uncombined sulphuric acid is occasionally 




common oil of vitriol of commerce prepared ? How is the weak 
acid, thus obtained, concentrated ? What is the specific gravity of 
the common oil of vitriol? What is said of its importance, as 
compared with the other acids 1 What is said of its affinity foi 
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foimd m the water of springs, as at Byron, Genesee County, 
New York ; but such cases are rare. 

Sulphuric acid is applied in the arts, and in the laboratory, 
to very many important uses ; as, in the preparation of the 
other acids, the extraction of soda from common salt, the 
manufacture of alum, sulphate of iron, chlorine, &c. It is 
also used as a solvent* for indigo, and in the various manu- 
factures of the metals. 

Compounds of Stdphur and Hydrogen, 

253. There are only two compounds of sulphur and 
hydrogen known, hydrosulphuric acid (HS) and persul- 
phurett^ hydrogen (HSt). The former, only, will be 
described. 

254. Hydrosulphuric Add — HS ; eq. (16.1 + 1=)17.L — 
This substance, often called sulphuretted hydrogen, is gas« 
eous, and may easily be prepared by the action of diluted 
sulphuric acid upon sulphuret of iron, formed by intensely 
heating a bar of iron, and then rubbing it with a roll of 
sulphur. The chemical changes that take place during the 
process are as follows :— FeS+SOa+HO^FeOjSOa+HS. 

Hydrosulphuric acid is a colorless gas, of most offensive 
odor, similar to that of putrefying eggs ; 100 cubic inches 
of it weigh 36.49 grains, giving it a density of 1.18. By 
strong pressure, it is condensed to the liquid form. It is 
exceedingly poisonous, when taken into the ludgs ; and a 
jet of it in the air bums with a feeble, blue flame, producing 
sulphurous acid and water. 

water? What is said of its occurrence in springs? What use is 
made of this acid ? 

253. How many compounds of sulphur and hydrogen are known? 

254. What is the composition of hydrosulphuric acid? How 
may it be prepared? Describe the chemical changes that take 
place. Describe some of its properties. What is said of its ab- 
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Cold water absorbs its own volume of the gas, and ac- 
quires its peculiar odor. Sulphur-'aprings^ which occur in 
many places in New York, Virginia, and other states, are 
springs, the waters of which are naturally impregnated with 
hydrosttlphuric acid. They may always be recognized by 
the offensive odor, which extends to a distance around them, 
and by their blackening pieces of silver coin, by the forma* 
tion of sulphuret of silver. Water, possessing all the pro- 
perties of that of the most noted sulphur-springs, may be 
prepared artificially, by passing a current of this gas, for a 
few minutes, through cold water. 
Let a little diluted sulphuric acid 
be poured upon some powdered 
sulphuret of iron, in a small bottle, 
and then insert a cork with a bent 
tube, as shown in the figure, the 
other end of which shall dip in a 
vial of cold water. After the gas 
has bubbled through it a few minutes, it will be found fully 
impregnated. 

This gas blackens many color* 
less metallic salts, by the forma- 
ti(?n of metallic sulphurets. An 
amusing experiment may be per- 
formed in the following nianner : 
Let a picture be traced on white 
paper with a solution of sugar of 
lead, which i^ perfectly colorless, 
and the picture, at a little distance, 
will be invisible. Let the back 
of the paper be now moistened by 

sorption by water ? What constitutes the water of sulphur springs ? 
How may sulphur springs be recognised? How may sulphur 
water be prepared artificially? Explain the reason why this gas 
blackens many colorless metallic salts. Describe the mode of 
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means of a wet sponge ; and, after tacking it to the wall, 
let a current of this gas be directed against it, and k\\ the 
parts traced by the lead solution will instantly become dark 
brown, or black, by the formation of sulphuret of lead on 
the paper. 

Compounds of Sulphur and Carbon. 

255. Bisulphuret of Carbon— CS^-y eq., (32.2 + 6.1=) 
38.3. — This compound is prepared by heating, intensely, 
pieces of charcoal in an iron retort, and then dropping 
in pieces of sulphur, and receiving the gaseous product in 
a vessel kept cold by ice. It is a dense liquid, of specific 
gravity 1.27, refracts light powerfully, and has a very 
ofFensi^ odor. It is very volatile, and produces intense 
cold by its evaporation. It is preserved covered with water, 
in well-stopped bottles. It is sometimes called alcohol of 
sulphur, 

PHO SPHORUS. 

Symbol, P; Equivalent^ 15.7; Density^ 1.77. 

256. History. — Phosphorus was discovered by an al- 
chemist of Hamburg, in 1669; and received its present 
name (from phos^ light, and pherein^ to carry) from the cir- 
cumstance that, at ordinary temperati^res, it always appears 
luminous in the dark. It is not found in nature in a separate 
state ; but in combination with oxygen and lime, it is very 
generally diffused, being contained in all feAile soils, with- 
out exception, and in many vegetable and animal substances. 

producing pictures by means of solution of sugar of lead and 
this gas. 

255. How is bisulphuret of carbon prepared ? Describe some 
of its properties. 

256. By whom was phosphorus discovered ? What is the deri- 
vation of the name t Is it found in nature in a separate state ? 
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257. JVeporaftim.— 'PhosphoruB, at the present time, is 
prepared entirely from bones, which are first Ignited in the 
open air until they become while, so as to destroy all the 
animal matter they contain. More than half their weight 
remains, which is chiefly phosphate of lime. This is then 
ground lo a fine powder, and digested, for one or two days, 
with half its weight of sulphuric acid, previously diluted 
with an equal measure of water. More warm water is then 
added, and the whole filtered, and the clear liquid thus 
oDtained, -evaporated until it begins to be quite thick, when 
it is mixed intimately with charcoal, in fine powder, and 
thoroughly dried. It is next 

introduced into an earth ern 
retort, a, which is placed in a 
proper furnace, as represented 
in the figure; and to the neck 
of the retort, a wide copper 
tube, b, is attached, which 
connects with a vessel of 
water. The heat is then gra- 
dually raised, when the phos- 
phorus distils over, and is con- 
densed in the water. Mnch 
gaseous matter, also, comes 

over and escapes by the second lube, inserted in the waler- 
Tesael. The phosphorus, thus prepared, may be further 
purified by melting it under water, and pressing it through 
porous leather. • 

258. PToperlies. — Pure phosphorus is of a light flesh- 
color, and nearly transparent At common temperatures, it 

257. From what is it prepared ? Wbai is the clijef solid ingra- 
dieot of bones? Describe [he process Tot procuring pho^phorai. 
How may the phosphorus thus procured ba further purified? 

S5B. Describe some of the piopeilies of phosphorus. In what 
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u a soft aolid. of specific gmity 1.T7, aad may easily be 
cut with a knife. At 108°, il fuses; aad at 690°, is con- 
verted into vapor, which, according to Dumas, has a density 
of 4.35. It is soluble, by the aid of heat, ia naphtha, in 
fixed and volatile oils, and in some other liquids. By the 
fusion and slow cooling of a considerable quantity, it may 
be cryslalized. 

Phosphorus is eiceeJingly inflammable. Exposed to 
the air, at common temperatures, il undergoes slow com- 
bustion, emits a white vapor of a peculiar alliaceDDS odor, 
appears distinctly luminous in the dark, and is gradually 
consumed. On this account, phosphorus should dwaya be 
kepi under water. In the open air, even the heat of the 
hand, aided by the slightest friction, is sufficient to inflame 
it ; and it should therefore always 'be handled with the 
greaiesl caution. It burns in the air with a brilliant, yel- 
> lowish white light and intense heat ; but in oxygen gas, its 
combustion ia particularly splendid. A good method for 
' performing the experiment is to place 

a piece of phosphorus on a small stand, 
a few inches high, in a shallow basin 
of water ; and, having ignited (he phos- 
phorus by touching it with a piece of 
heated wire, dexterously to place over 
1 it a large bell-glass, previously filled 

with oxygen. By careful management, 
I but liltle'of the oxygen will be lost. 

It may also be made to burn under warm water, by forcing 
a current of oxygen upon it by means of a gas-bottle, or a 
flexible lube, leading from a gasometer. A red suboxide ia 



liquids is il soluble ! Why does il always appear luminous in the 
dark, when in ihe open airl How is it kepll Whal is said of iu 
combuation in oiygan gas? How may the experiment be pera 
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fonned, which readily takes fire in the ^_ 
open air. 

There is some doubt concerning the 
proper equivalent of phosphorus ; by 
some il is considered to be 16.7, or only 
hair the number we have given above. 

Phosphorus is now used in laige 
quantities in the manufiicture of friction- 
matches, which ignite by slight friction. For this purpose 
it is dissolved in glue, by which it is made to adhere to 
small pieces of wood os paper previously dipped in me]le4 
sulphur, and is also protected from the action of the air. 
It is of important service in the laboratory, and has been 
sometimes used in medicine. 



Compotmds of Photpkorua and Oxygen. 

259. There are four compounds of phosphorus and oxy- 
gen, the atomic constitution of which appears to be 
P^,P0,PO, and POj.— The laal three are acids; bat only 

one of these, the last, will be described. 

260. Phosphoric ^cid— POj; eq., (31.4+40= )71.4.— 
This acid is formed by burning phosphorus in air or in 
oxygen gas, as in the experiment given above (258). To 
prepare it dry, the receiver should be placed over mercury, 
and the oxygen or air supplied should be perfectly dry. 
The acid appears as a dense white vapor, which is gradually 
precipitated, and may be collected. In the open air it 

formed? How may phoaphorua be made to burn under wateil 
Wbat use ia made or phosphorus >^. 

2SQ. How lanny compounds of pbosphorus and oxygen are 

S60. What is the compoailion of phosphoric acid I How vnaf 
it be formed 1 How does ihe acid appeu ! Whit will be the 
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absorbs moisture and is dissolved. If the white flakes are 
collected and ignited, the mass, after cooling, is semi- 
transparent, and is called glacial phosphoric acid. This 
ii^id may also be formed from calcined bones. 

The anhydrous phosphoric acid has a very strong affinity 
for water, and when thrown into it, unites with it with 
great energy, often producing slight explosions, in conse- 
qnence of the heat produced. With water, it forms three 
different compounds, as follows, the first two of which have 
been called, respectively, metaphosphoric, and p3nropho8-s 
iphoric acids. 

Monobasic phosphate of water (metaphosphoric acid), PO^jHO 
Bibasio ** " (pyrophosphoric acid), P0g,2 HO 

Tribasic « " (common phosphoric acid), PO^^SHO 

These three acids, or rather compounds of acid and water, 
cannot be distinguished from each other by external appear- 
ance, but dissolved in water they manifest chemical charac- 
teristics which render them quite distinct ; they also form 
salts, which, though much alike in their general properties, 
are nevertheless easily distinguished from each other by 
the proper tests. 



Compounds of Phosphorus and Hydrogen, 

261. There are several compounds of phosphorus and 
hydrogen, but one only will claim attention from us, the 
common phosphuretted hydrogen, PHs. 



effect if it is kept in the open air ? What is said of the affinity of 
this acid for water ? What three compounds does it form with 
water? What is said of the salts which are formed by these 
several compounds ? 

261. What is the composition of phosphuretted hydrogen? 



BOROK. 
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262. Phosphuretted Hydrogen — PHg; eq., (31.4+3=) 
34.4.^ — ^This is a gaseous substance, and is best prepared by 
beating some sticks of phosphorus in a strong solution of 
caustic potash, in a small glass retort, which, at the begin- 
ning of the operation, should be quite filled with the mate- 
rials. If then the 
mouth of the re- 
tort is made to dip 
slightly in a basin 
of water, each 
bubble of the gas, 
as it breaks into 
the air, will burst 
Into a flame, with 
the formation of beabtiful wreaths of smok6 of phosphoric 
acid, as shown in the figure. It may be prepared by other 
means, but it does not always, when so prepared, take fire 
spontaneously in the air. It is a colorless gas, with a very 
disagreeable odor, and is irrespirable ; 100 cubic inches of 
it weigh 30.75 grains, giving it a specific gravity of 1.18. 

BORON. > 

Symbolj 6; Equivalera, 10.9; Density, 2. 

203. History, — ^Boron has not been long known ; it was 
first obtained by Davy, in 1807. It is contained in the 
substance called horax^ in which it is combined with oxygen 
and soda. Borax is found in solution in the water of cer- 
tain mineral springs, chiefly in volcanic countries. 



262. How may it be prepared ? What is the effect when bub- 
bles of this gas escape in the air ? What is said of its odor ? 

263. When and by whom was boron discovered? In what 
well-known substance is it contained ? 
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264. Preparation.^^ For ordinary experiments, boron 
may be prepared, of sufficient purity, by heating well-dried 
borax in fine powder with one tenth of its weight of char- 
coal in a gun-barrel, and washing the powder obtained with 
diluted hydrochloric acid. 

266. Properties. — ^Boron is a dark olive-green powder., 
without taste or smell, and incapable of fusion in the 
strongest heat. It is insoluble in water or alcohol. Heated 
in the open air to about 600°, it takes fire and bums bril- 
liantly. 



Compound of Boron and Oxygen. 

m 

266. Boracic Acta — BO3; eq., (10.9+24=)34.9. — 
This is the only compound of boron and oxygen that is 
known. It is always produced when boron is burned in 
the air, and is found native in the waters of some mineral 
springs in volcanic regions. It may also be obtained as a 
white solid, in shining scales, by decomposing a hot 
solution of borax by sulphuric acid. This is done by 
pouring the sulphuric acid gradually into the heated solu- 
tion, and stirring until it begins to taste acid ; — after cooling 
a few minutes, the shining scales of boracic acid will be 
seen to precipitate. . ^ 

Boracic acid is scarcely soluble in water, but dissolves 
readily in alcohol ; and when the solution is inflamed it 
communicates to the flame a beautiful green tinge, which is 
characteristic of this substance. To make the experiment, 



264. How may it be prepared ? 

265. Describe the properties of boron. 

266. Of what is boracic acid composed ? Describe the mode of 
obtaining it from borax. Is it soluble in water ? What is said of 
its solution in alcohol ? 
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fill a common dropping tube, of the form AB in the figure, 
with the solution; 
and, inserting a cork 
firmly in A, apply 
the heat of a lamp 
to the bulb, and in- 
flame the jet of 
liquid as it issues 
from the capillary 
orifice, B. The flame will be of a beautiful green. 




SILICON 

Symbol, Si ; Equivalent^ 22.2 ; Density, ?. 

267. History, — Silicon was first obtained by Berzelius, in 
1824. It was then considered a metal, and nahied siliciumj 
but is now universally ranked with the non-metallic ele- 
ments. It is never, found in its separate state in nature, 
although it is really very abundant in every place in silicic 
acid (silica), and the various siliceous compounds which 
constitute the rocks and soils. 

The mode of preparing it is too complex and difficult to 
require description in so elementary a work as the present. 

268. Properties, — Silicon, as usually prepared, is a dark 
nut-brown powder, quite insoluble in water, and incapable 
of fusion in the strongest heat. Heated in the open air, it 
burns freely, provided it has not before been subjected to 
heat in a close vessel, in which case it becomes incom- 
bustible. 



267. By whom was silicon first obtained ? What is said of its 
abundance in nature 1 

268. What are some of its properties ? 
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Compound of Silicon and Oxygen. 

269. SilicU Acid^ or SiZica— SiOj; eq., (22.2 + 24=) 
46.2. — This is one of the most abundant substances in 

, nature, and is found quite pure in quartz, flint, calcedony, 
agate, &c. ; and, in combination with other substances in 
the material of all soils, and nearly all rocks. It requires 
a very high temperature for fusiod. In its ordinary state it 
shows no acid properties, but heated with the alkalies and 
other bases it readily unites with them, forming salts, some 
of which are soluble, but most of them are quite insoluble. 
It appears to exist in two states, in one of which it is par- 
tially soluble in acids, and even in water, but in the other 
state it is quite insoluble. 

Silica is applied in the arts to several important purposes, 
as in the manufacture of glass and porcelain ware. Mixed 
with hydrate of lime it constitutes common mortar, but 
united with it in certain proportions, in the form of clay, it 
constitutes water-cement^ which, when made into mortar, is 
capable of hardening under water. 

SE LENIUM. 

Symbol^ Se ; Equivalent^ 39.6 ; Density^ 4.3^. 

270. History^ &c. — Selenium was discovered, in 1818, by 
Berzelius, and received its name from selene, the moon. 
It is usually found associated with sulphur, in some of its 
compounds with other substances, especially sulphuret of 
iron (iron pyrites). In mass it resembles lead, but in pow- 

269. In what is silicic acid, or silica, found nearly pure ? What 
use is made of silica in the arts ? 

270. With what is selenium usually found associated? What 
are some of its properties ? 



CHLORINE. 



201 



der it has a chocolate color. It is insoluble in water, and 
suffers no change in the air, unless it is* heated, when it 
burns freely, forming compounds with oxygen resembling 
those of sulphur with oxygen. In close vessels it sublimes 
at about 660°. 

When heated in the open air -it exhales a strong odor, 
resembling decayed horse-radish,^ — a character by which it 
may always be distinguished. 



CHLORIIf K. 

Symbol, CI ; Equivalent, 35.4 ; Density, 2.47. 

271. History. — Chlorine was discovered "by Scheele, in 
1774, and for many years was regarded as a compound, but 
its true character, as a simple element, is now universally 
admitted. It is not found uncombined in nature, but is 
abundant in its compounds, especially common salt, which 
is so generally distributq^ over the surface of the earth. ' It 
receives its name from the Greek chloros, green, because of 
its yellowish-green color. 

272. Preparation, — Chlorine gas is easily prepared by 
pouring strong hydro- 
chloric acid upon half 
its weight of peroxide 
of manganese in a glass 
jetort, and applying a 
gentle heat. It may be 
collected over warm 
water, but not without some being absorbed by it. The 
following formula indicates the changes that take place :— 

271. By whom was chlorine first discovered ? Is it ever found 
in nature uncombined ? From what is the name derived ? 

272. Describe the mode of preparing it. 
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MnOa+ii.Ha = MnCl+a HO+Cl. 

A cheaper process, and nearly as convenient, is to mix, 
intimately, three parts of common salt with one of the per- 
oxide, and pour over it two parts of sulphuric acid, pre- 
viously diluted with an equal weight of water. In this case, 

MnOa+NaCl+2SO, = MnO,SO,+NaO,SO,4-CL 

273. Properties. — Chlorine is a dense gas, of a yellowish 
green color, as above stated, and has an astringent taste, and 
rather disagreeable odor. By a pressure of four atmo- 
spheres, it may be compressed into a liquid. The weight 
of 100 cubic inches is 76.59 grains, which gives a density 
of 2.47. Cold water absorbs it readily, so that the ga« can- 
not be collected over it without great loss ; but, in conse- 
quence of its, great 
specific gravity, it 
may be collected in 
an open vessd, by 
direct displacement 
of the air. Let a 
be the flask con- 
taining the mate^ 
rials, and c a re- 
ceiver in which the 
gas is to be col- 
lected, the tube from 
the ilask extending 
nearly to the bottom. The chlorine gas being so mucii 
heavier than air, fills up the receiver just as water would if 
conveyed into it in the same manner ; and if the process is 
expeditiously conducted, the chlorine may be collected 
nearly pure. 

273. Bescribe some of the properties of chlorine. Describe the 
mode of collecting it by displacement of the air. Will chlorine 
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Chlorine is tdlied to oxygen in many of its /. — ■ i 
properlies; alighted candle eontiHues to burn /. \ lj-/ 
in it for a lime, and phosphorus and some of 
the metala, if in thin leaf or fine powder, take 
£re in it spontaneously. For this purpose, a 
tall jar should be used, as represented in the 
ligure ; and the bottom should be covered with 
sand, to prevent the breaking of the glass by 
4he heated chloride falling upon it. It has a 
strong affinity for hydrogen, and a mixture of 
the gases explodes by the approach of flame, / 
and by the electric spark, precisely as a n 
lure of oxygen and hydrogen. If a piece of paper, moistened 
with oil of turpentine, be suspended in a hotlle 
of chlorine, it takes £re aponlaneously, by the 
chlorine combtning with the hydrogen of the 
turpentine; at the same time the carbon of 
the turpentine is hberateJ, in a state of minute 
division, as a dense black smoke. The bottle 
containing the chlorine should have a large 
mouth. 

One of the most important properties of 
chlorine is its bleaching power, all vegetable 
and animal coloring matters being speedily 
destroyed by it. Powdfered indigo, slightly moistened and 
dropped into a bottle containing it, even if it is considerably 
diluted with air, soon loses its color entirely ; and pieces 
of calico, of different colors, suspended in it, are aSected in 
the same manner, without, in the least, injuring the texture 
of the cloth. It is therefore much used in preparing rags 

iupport oombusdon* How may some of iha metals be made lo 
tajce flro in it eponlaneoualf ? What is said of its affinity for 
hydrogen ! Describe the experiment with a piece of paper moist- 
ened wilh oil of turpentine. What is said of the bleaching power 
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for the manufacture of writing-paper, and also in bleaching 
cotton and linen goods. Writing done with common ink is 
easily removed by it ; but printers' ink, being an oily pre- 
paration, is not attacked by it. 

Chlorine is also a powerful disinfecting agent, removing 
at once all ofiensive ef&uvia from sewers, vaults, and other 
places where they may have, collected. For this purpose, 
bleaching-powder (to be described hereafter) is moistened 
with water, and placed in shallow dishes in the apartments . 
to be fumigated. 



Compounds of Chlorine and Oxygen* 

274. The compounds of chlorine and oxygen are four in 
number, as follows, viz : — ^ClO, CIO4, ClOg, and CIO7, all of 
which are acids ; but as the affinities of these substances for 
each other are very feeble, their compounds are all decom- 
posed by slight causes. 

275. Hypochlorous Md^aO ', eq.,(35.4 + 8=)43.4.^ — 
This is a gaseous substance, of a yellowish-green color, 
like that of chlorine, but a shade deeper. It exists in com- 
bination with lime in the common hleaching-powder, 

276. Chlorous w3cid — CIO4; eq., (35.4 + 32=)67.4. — 
This compound is also gaseous, and of a deep yellowish 
color. It is formed by the action of sulphuric acid upon 
chlorate of potash. If a few grains of chlorate of potash 
are placed in a wine-glass, and a little sulphuric acid poured 
in, the glass will be soon filled with the gas, which will be 
recognized by its color. If now a rag, wet with oil of tur- 

of chlorine? What is the mode of using it as a disinfecting 
agent? 

274. How many compounds of chlorine and oxygen are there 1 

275. Describe hypochlorous acid. 

276. Describe chlorous acid. 
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pentinie, be presented to it, on the end of wire or a stick, it 
will be inflamed, and the gas at the same time exploded. 

277. Chloric Acid — €10^] eq., (35.4 + 40 = )75.4.— 
Chloric acid is obtained by passing, a current of chlorine 
through ^ strong solution of potash, with which it com- 
bines as it is. formed, producing chlorate of potash. By 
evaporating the solution, this salt may then be obtained in 
small, shining crystals. 

278. Perchloric Acid possesses no characters that render 
it of any special interest. 



Compound of Chlorine and Hydrogen. 

279. Hydrochloric Acidr^liC[\ eq.,(35i4-hl = )36.4.— 
This is the only known compound of chlorine and hydro- 
gen ; and, in solution in water, has lon^een used in the 
arts, under the names of muriatic acid^ and spirit of salt. 
It is formed by the action of diluted sulphuric acid upon 
common salt. The sulphuric acid should be diluted with 
about an equal weigln of water, and be allowed to cool 
before being used. The changes which take place are as 
follows : — 

NaCl + S03,H0 = NaOjSOa + HCl. 

It is also formed by the direct union of its elements. 
When equal measures of chlorine and hydrogen are mixed 
together, and an electric spark is passed through the mix- 
ture, instantaneous combination takes place, heat and light 
are emitted, and hydrochloric acid is generated. A similar 
effect is produced by flame, by a red-hot body, and by 

277. How is chloric acid formed? 

279. By what other names is hydrochloric acid often known ? 
From what is it formed? Describe the chemical changes that 
take place. May it be formed by the direct union of its elements ? 
18 
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spongy platinum. Light also causes them to unite. A 
mixture of the two gases may be preserved, without change, 
in a dark place ; but if exposed to the difiused light of day, 
gradual combination ensues, which is completed in the 
course of twenty-four hours. The direct solar ray, like 
flame and the electric spark, produces an explosion by a 
sudden inflammation of the whole mixture ; but to insure 
the success of the experiment, the gases should be very 
pure, and the chlorine recently prepared over warm water. 
The glass vial containing the mixed gases, after being filled, 
should be instantly covered with a black cloth, which can 
be suddenly removed by a stick, or wire, after it is placed 
in the sun's rays.. 

Hydrochloric acid is, of course, a chloride of hydrogen. 
When pure it is a colorless gas, of which 100 cubic inches 
weigh 39.38 grains, giving it a density of 1.27. By strong 
pressure it may (^ compressed into a liquid. It is quite 
irrespirable, and incapable of supporting combustion. Water 
absorbs it with avidity, taking up, under favorable circum- 
stances, no less than 480 times its own volume. During 
the absorption it increases considenroly in volume, and the 
saturated solution has a density of 1.21, and contains about 
forty-two per cent, of the acid. In the open air, 
copious fumes of the gas constantly arise from 
the liquid, which produce a cloud of smoke if any 
ammonia be present in the air. Thus, let a little 
aqua ammoniae (230) be poured into a glass ves- 
sel, A, with a large mouth, and then invert over it 
a tumbler, the inside of which has been thoroughly 
moistened with common hydrochloric acid. The 



What is the effect of light upon the mixed gases ? What are some 
of the properties of hydrochloric acid ? What is said of its absorp- 
tion by water? What occasions the fumes when ammonia and 
hydrochloric acid gases come in contact? 
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two gases, commg in contact, unite, and fill both glasses 
with a dense, white smoke, which is solid hydrochlorate of 
ammonia (189), in a finely divided state. 

280. Aqim regia, so called because of* its ability to dis- 
solve gold and platinum, is a mixture of two parts of hydro- 
chloric to one of nitric acid. Let a siiigle leaf of gold be 
placed in a wine-glass containing a little hydrochloric acid, 
and another leaf in a separate glass with some nitric acid ; 
the gold will remain undissolved in both glasses for any 
length of time ; but, on mixing the contents of the glasses, 
the whole of the gold will be speedily dissolved. The real 
solvent in this case is the chlorine, which is liberated by 
the action of the acids upon each other. 

Liquid hydrochloric acid is extensively used for various 
purposes in the arts, and is one of the most important che- 
mical agents of the laboratory. 

Chlorine forms compounds with the other elements, 
nitrogen, carbon, sulphur, &c., which have been described, 
but they do not possess sufficient interest to require notice 
here. 

IODINE. 

Symbol^ I; BlquivaUnt^ 126.5; Density^ 4,95. 

281. ^story, — Iodine (from iodes^ violet color) was dis- 
covered in the ashes of sea-plants, from which it is still 
prepared, by M. Courtois of Paris, in the year 1812, It is 
found also in certain ores of silver and zinc, in sea-water, 
and in the water of certain mineral springs. 

280. What is aqua regia? Will hydrochloric or nitric aciJ 
alone dissolve gold leaf? What use is made of liquid hydrochlorio 
acid ? Does chlorine unite with nitrogen, carbon, and sulphur ? 

281. From what is iodine prepared? 
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282. PreparaHon. — As stated above, the iodine of com- 
merce is obtained from tbe asbes of sea-plants, especially 
the fucus palmatus. The ley obtained by lixiviating the 
asbes is first evaporated, to separate a portion of the salts 
it contains, and the residue is then mixed with peroxide of 
manganese apd sulphuric acid, and a gentle heat applied, 
when the iodine distils over, as a beautiful violet-colored 
vapor, into a receiver prepared for the purpose, where it is 
condensed. 

283. Properties. — Iodine, at ordinary temperatures, is a 
soft, friable, nearly black solid. Usually it is in small 
shining crystals, which have a metallic lustre, and a density 
of 4.95. Heated a little above 212^, it melts, and is thus 
converted into a beautiful violet-colored vapor, which has a 
density of 8.70 (air being 1), and 100 cubic inches weigh 
270.1 grains. Iodine- is a non-conductor of electricity and 
heat, and is allied to oxygen and chlorine in many of its 
properties. Its odor resembles that of chlorine, but is less 

I offensive. It is sparingly soluble in water, requiring about 
7000 times its own weight of this liquid for complete solu- 
tion; but alcohol and ether dissolve it freely, forming a 
deep brown solution. A few of- the crystals pressed upon 
the skin produce a deep stain, which however soon dis- 
appears. 

Starch affords a delicate test of iodine, forming with it a 
beautiful blue. The starch should be prepared by^^ssolving 
it in hot water, and allowing it to cool before using. Let a 
little hot water be poured upon ashes obtained by burning 
a piece of sponge, and, after filtering, add a drop or two qf 
solution of starch ; then pour in a few drops of sulphuric 
acid, which will settle to the bottom, and almost always 

282. Describe tbe mode of preparing iodine. 

283. What are some of its properties? Is it soluble in water? 
How may starch be used as a test for iodine ? 
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Ihe blue color will be observed, indicsUng the presence of 
iodine. 

Iodine has not been much used in the arts, but is largely 
employed in medicine. In the Daguerreotype process 
(124), it is essential ; and recently it is said to have been 
employed in dyeing. 

Compounds of Iodine and Oxygen, Hydrogen, Sfc. 

284. Iodine and oxygen combine in two proportions, 
producing iodic (lOj) and periodic (10,) acids; neither of 
which however possesses any special interest. 

285. Bydriodic Acid, (iodide of hydrogen) is a gaseous 
substance, of a specific gravity 4.39, and in many of its pro- 
perties strongly resembles the corresponding chloride of 
hydrc^n (hydrochloric acid). 

'Iodide ofpltosphona is formed by bringing the two sub- 
stances together in a vessel where as little air may have 
admission as possible. It forms a darlc-colored mass. 
These two substances afford one of the few instances in 
which reaction lakes place between two solids. Let a few 
crystals of iodine be dropped into a wine-glass, 
upon a small piece of phosphorus, and imme- 
diately place over it a bell-glass. By the heat 
produced, the phosphorus will be inflamed and 
a portion of the iodine sublimed ; and the white 
cloud of phosphoric acid (260), mingling with 
the dense iodine vapor, presents to the eye a 
very jJleaalng appearance. 

Chlorine combines readily with iodine, form- 
ing a chloride, which has been much used in the Daguerreo- ^ 
type process, in preference to pure iodine. 

How may ioilide of pboapboiui 
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BROMINE. 

Symbol, Br ; Equivalent^ 78.3 ; Density^ 3. 

286. History. — ^Bromine was discovered in 1826, in sea« 
water; and received its name, hromine (from hromos^ 
offensive odor), in consequence of its exceedingly disagree- 
able smell. Recently it has been obtained in large quanti- 
ties from the waters of some of the salt-springs in Penlisyl- 
vania and Virginia. 

287. Preparation. — The usual mode of preparing bro- 
mine is a little complex. First, the brine from the spring i» 
evaporated, and the common salt removed by crystalization, 
then the mother-liquor, or hitternj as the uncrystalizable 
residue is called, is treated with a current of chlorine, and 
sulphuric ether afterwards added, by which the bromine 
that has been separated from its compounds by the chlorine 
is taken up, and rises to the surface as a solution of bromine 
in ether. To obtain it perfectly pure, it is then treated 
with caustic potash, heated to dryness, and distilled with 
peroxide of manganese and sulphuric acid. 

288. Properties. — ^Bromine is a liquid of a blackish-red 
color, with a specific gravity nearly 3. At a temperature a 
little below zero it is frozen, and boils at about 115°, form- 
ing a vapor of a beautiful blood-red color. It stains the 
skin yellow, like iodine, but less intensely. Vapor of bro- 
mine ignites phosphorus spontaneously, and a lighted candle 
burns in it a short time. 

Bromine is used to some extent in the Daguerreotype 
process, usually in connection with iodine. 

286. When was bromine discovered ? From what is it obtained? 
287? What is the mode of preparing it? 
288. What are some of its properties ? 
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Compminds of Bromine, 



280. Bromine combines with oxygen, hydrogen, &c.) 
forming compounds exceiedingly analogous to the corre- 
sponding compounds of chlorine and iodine. 






FLUORINE. 

Symbol, F; Equivalent, 18.7; Density, 1.29. 

290. , History and Properties, — Fluorine has long been 
known to exist, but it has not, until recently, been obtained 
in a separate state. It is found in nature in considerable 
abundance in the mineral called ^uor spar^ which is a com- 
pound of this substance with calcium, the metallic base of 
lime. It is a brownish-colored gas, of specific gravity about 
1.29, and bleaches like chlorine. 

Compounds of Fluorine. 

291. Fluorine seems to be incapable of uniting with 
oxygen, but combines with hydrogen, forming the acid 
compound HF. 

292. Hydrofluoric w3aU— HF; eq., (18.7+1 = )19.7.— 
This acid is formed by subjecting powdered fluor spar, 
moistened with strong sulphuric acid, to a very gentle heat 
in a leaden vessel. The acid distils over as a pungent, cor- 
rosive, vapor, but may be condensed in a metallic receiver, 
that is kept surrounded with ice. The chemical changes 
of the operation are as follows : — 

CaF+S03,H0 = CaO,S03+HF. 

290. From what substance is fluorine obtailled ? 

292. How may hydrofluoric acid be obtained? Desoribe its 
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As thus fonned, the acid has a density of LOT, and maoi-* 
fasts a strong affinity fdr water, with which it combines 
with great energy. It attacks glass powerfully, combining 
with its silica, and may therefore be used to etch it. This 
is done by spreading a thin coaf of bees'-wax or varnish 
upon the glass, and tracing the design upon it, taking care 
to cut quite through the wax. The liquid acid is now 
poured over the coated surface, or it is exposed a few 
minutes to the acid vapor, and the wax afterwards removed. 

This acid attacks animal substances powerfully, and, 
therefore, should always be handled with great care. 

Fluorine unites also with boron, and recently it has been 
announced that it has been combined with iodine and 
bromine. 



METALLIC ELEMENTS. 

GENERAL PROPERTIED OF THE METALS. 

293. The metals are generally good conductors of elec- 
tricity and heat, and possess a peculiar lustre called the 
metallic lustre, which can scarcely be imitated by other 
substances. When their compounds are decomposed by 
the galvanic battery, they always make their appearance at 
the negative electrode (154), and are therefore, without 
exception, to be considered as electro-positive. But these 
properties are much more distinct in some metals than in 
others. Most of the metals are also characterized by their 



properties. How may. etching be done with it upon glass ? How 
does it affect animal suDstances? 

293. What are some of the properties ^by which the metals are 
generally distinguished? What is said of their density? How 
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gr^t density, as gold and platinum ; but two at least, potas- 
sium and sodium, are lighter than water. 

The ancients were acquainted with only seven metals, 
viz. : gold, silyer, iron, copper, mercury, lead, and tin ; but 
there are now known, with certainty, forty-two ; and the 
discovery of several others (177) has been announced, 
though perhaps not fully proved. 

The metals differ much in their other properties as well 
as in those already referred to. Some of them are very 
malleable, and may be beaten into exceedingly thin leaves, 
while others possess this property, but in a less degree, and 
others still are very brittle. Gold is noted for its mallea- 
bility, while antimony, arsenic, and bismuth are so brittle 
that they can easily be pulverized in a mortar. The mal- 
leable metals are usually also very ductile, and admit of 
being drawn out into fine wire ; but the two properties of 
malleability and ductility are evidently distinct Iron can- 
not be beaten into thin leaves, but it may be drawn into 
very fine wire. In many of the metals these properties vary 
with the temperature. Iron is not very malleable when 
cold, but becomes so at a red heat ; while brass is quite 
malleable at low temperatures, but is brittle when heated. 
Zinc is most malleable at about 300° ; at temperatures con- 
siderably above or below this, it is brittle. By hammering, 
and also in the process of wire-drawing, the density and the 
hardness of the metals are increased, but their original state 
is restored by the process of annealings which consists in 
heating them to redness and allowing them to cool slowly. 

The metals differ essentially in their fusibility; while 



many were known to the ancients ? How many are now known ? 
Do they differ essentially in their properties? What is said of 
their malleability, ductility, brittleness, &c? What is the effect 
upon their density by hammering? What m meant by annealing 
them 1 Bo the metals differ in fusibility ? May any of them bo 
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mercury melts at — 39^, potassium at 136°, tia at 44!^, and 
zinc at 773°, it requires a heat of about 2000^ to melt gold, • 
silver, and copper ; and platinum and pure iron cannot be 
melted in the hottest furnace. Some of them, as mercury, 
arsenic, cadmium, and zinc, are- easily volatilized, and may 
be distilled like water. In cooling from fusion, some of 
them crystalize, as bismuth, antimony, and zinc; while 
others, as gold and copper, manifest little of such a ten- 
dency. 

The metals are all considered as elementary substances, 
and yet a curious relationship exists among some of them, 
the reason of which has not been explained. Thus, the 
equivalents of iridium and platinum are absolutely the same 
(98.8), and that of osmium (99.7) is but little different, 
and that of gold (199.2) about double. Other similar 
groups might easily be pointed out. Most of them, as iron, 
zinc, and lead, are usually found in the earth, combined with 
other elements, and are said to be mineralized; while a 
few, as platinum and gold, are obtained in their separate 
metallic state, and are said to be found native. The union 
of two or more metals produces an alloy ; but if one of 
them is mercury, the alloy is called an amalgam. They 
also difier very essentially in their chemical relatioiis ; but 
the important peculiarities of each will be described under 
the appropriate head. 

294. The metals have been variously classified by dif- 
ferent writers ; but the following arrangement into six 
orders or groups will probably answer our purpose as well 
as any we can adopt. 



volatilized by heat? Are they to be considered as simple sub- 
stances? When is a metal said to be found native? What is an 
alloy ? What is an amalgam ? ^ 

294. Into what six groups may the metals be divided? 
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1. Metals, the oxides of which are alkalies. 

2. Metals, the oxides of which are alkaline earths. 

3. Metals, the oxides of which are earths. 

4. Metals which, at a red heat, decompose the vapor of 
water, but are not acted upon by liquid water. 

5. Metals which are incapable of decomposing water, and 
whose oxides are not reduced by the mere action of heat. 

6. Metals whose oxides are reduced by a red heat. 

These six groups may be considered as forming two 
classes, the oxides of the metals in the first three being 
alkalies or earths, while the oxides of those of the last three 
are neither alkalies nor earths. 

295. Saline Compounds^ or Salts, — ^We use the term salt 
to designate a substance which is composed of an acid and 
a base ; that is, a salt is a compound of two other compounds 
previously formed. Thus, sulphate of soda is a compound 
of sulphuric acid (tritoxide of sulphur) and oxide of 
sodium ; and so of other salts. It is therefore a double 
oxide, as nearly all the compounds are which we shall have 
occasion to describe as salts ; but there may also be double 
chlorides, double sulphurets, double iodides, &c., which it 
is now agreed may properly be considered as salts. Com- 
mon salt, which, as we shall soon see, is chloride of 
sodium, is therefore excluded from the salts ; but to avoid 
this result, many eminent chemists make two classes of 
salts, placing many of the simple chlorides, iodides, &c., 
under this head, in addition to the salts proper, according to 
the above definition. 

In larger works a separate chapter is usually devoted to 
the salts ; but as they all have metallic compounds for their 

I r r r ' 1— r i i . _ 

295. What is a salt? How is this illustrated foy sulphate of 
soda? May a double sulphuret, double chloride, or double iodide, 
&c., be considered as a salt? Does commoa salt properly belong 
to this class? 
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bases, and most of them oxides of the metals, they may, 
with great propriety, be described in oonneetioa with the 
metals. In proceeding, therefore, with this class of ele- 
ments, we shall first describe a metal, then its binary com- 
pounds with other elements, and lastly, the more important 
of the salts of which any of its compounds may constitute 
the bases. 
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POTASSIUM. 

Symbol^ K {KaUum) ; Equivalent^ 39.2 ; Densityj 0.865. 

296. History, — Potassium was first obtained by Sir H. 
Davy in 1807, from potash, of which it is the base. He 
procured it by subjecting a stick of caustic potash to the 
action of a powerful galvanic current, when oxygen made 
its appearance at the positive, and the metal potassium at 
the negative, electrode. Previous to this time, potash and 
the. other alkalies and earths had been considered as simple 
substances. Potassium, in combination with oxygen and 
other bodies, is very generally diffused in the rocks an*d 
soils of every place, but is never found in nature in a sepa- 
rate state. It is contained in most vegetable and many 
animal substances. 

297. Preparation. — ^This metal is best prepared by heat- 
ing intensely dry carbonate of potash mixed intimately with 
half its weight of fine charcoal-powder and iron-filings. 
The potash, being an oxide of potassium, at a high tempera- 
ture yields its oxygen to the. charcoal and iron, and itself 
distils over into a receiver prepared for the purpose. The 

296. By. whom was potassium first obtained 1 By what mode? 

297. How is potassium now prepared ? 
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proccH ifl not & little difficult) and the young experimenter 
will probably find it cheaper lo purchase potaasium at two 
dollars per dram (the usual price) ihan to prepare it. 

SOB. ^operties. — Potassium is a aolid, in color and 
laatre mDcb resembling lead. At 150° it mella, and at a red 
beat may be distilled in ressela void or gases capable of 
combining with it.. It is the lightest metal known, baring 
a density of only 0.86S, and floats upon the snrlace of 
water. Bat its most characteristic properly is its affinity for 
oxygen; — when thrown upon the surbce of 
water it absorbs the oxygen so rapidly as lo be 
inflamed, and burns with a beautiful rose- 
colored flame. In the open air, the freshly- 
cut surface absorbs oxygen so rapidly as lo be 
tarnished instantly; and heated even in carbonic 
acid it lakes fire and bums by absorbing the oxygen. In 
consequence of its affinity for oxygen it can be preserved 
only in tubes hermetically sealed, or under some liquid that 
does not contain oxygen, as naphtha, which is found to 
Boawer the purpose well. 



Binary Compounds of Polaasuim. 

299. Protoxide of Pot<uniim—KO; eq., (39.2+8=) 
47.2.— This ia potash^ or potasaa, and is always formed 
when the metal is exposed in the open air, or acted on by 
water, lu the latter case, the potash formed ia immediately 
dissolfed by the water, as will be found by applying the 
usual teats. Pure potash is a white, inodorous substance, 

99B. Describe the metal potauiDm. How i> it affealed bf bsing 
kepi in die airl What ii the effect of throwing it upoD vaXett 
How onlf ron it b« pieaerved f 

299. What ia potaaaa, or poUuht How is it fbimsd IVoin po- 
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with a pangent, canstic, taste^ and very solable in water. It 
absorbs carbonic acid and water rapidly from tiie air^ and 
should therefore be kept in close botdes. 

Pure potash, or rather hydrxUe of potash, called usually 
caustic potash^ is prepared for use in medicine and in the 
arts by decomposing the carbonate of potash by lime. For 
this purpose,«pearlash (which is a carbonate of potash) is 
dissolved in ten times its own weight of water, and half its 
weight of recently-slaked lime mingled with it, and the 
whole boiled briskly for half an hour, and then allowed to 
settle, when the clear liquid is drawn off. This is then 
evaporated nearly to dryness and poured upon a marble slab ; 
and after cooling is broken in pieces and preserved in close 
bottles for use. To insure perfect purity, it may be again 
dissolved in absolute alcohol, and the solution filtered and 
evaporat^ed as before. The substance thus obtained is hy- 
drate of potash, which will stand the most intense heat 
without giving up its water. 

300. Caustic potash attacks the fats and oils with avidity, 
forming with them the well-known compound, soap. It 
combines also with all the acids, which it neutralizes per- 
fectly. Like the other alkalies, it changes most of the 
vegetable blues to green, and the turmeric yellow to brown. 

301. Iodide of Potassium (KI) is formed by heating 
potassium in contact with iodine; and also by digesting 
iodine in a hot solution of caustic potash, and exposing the 
mass, when dry, to a red heat, and subsequently crystalizing 
from solution in water or alcohol. It is a white solid, very 
soluble in water, usually seen crystalized in cubes, and is 
often sold under the name of hydriodate of potash, 

tassium ? What are some of the properties of potash ? How is 
caustic potash prepared for use in medicine and the^arts? 

300. What does potash form with the fi^ and oils? 

301. How is iodide of potassium formed ? 
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30&. Su^kuret of Patasmm may be farmed by gently 
heating a mixture of sulphur and pearlash ; there are no less 
than &ve (and perhaps seven) of these sulphurets, contain*' 
ing, respectively, one, two, three, &c., equivalents of sul- 
phur combined with one of the metal. The tersulphuret 
was formerly used in medicine under the name of hepar 
sulphuris. Potassium forms compounds also with carbon, 
nitrogen, phosphorus, bromine, fluorine, &c. ; but they are 
not described in this work. 



Salts of Potash^ 

303. Carbonafe of Potash (KOjCOa). — Carbonate of 
potash, or pearlash, is prepared for the purposes of com- 
merce by leaching the ashes of forest trees, and evaporating 
the solution thus obtained to dryness, and then heating the 
dry mass to redness for a time in open vessels, to burn out 
the combustible matter which is contained in it As thus 
procured, it is a white spongy mass, very caustic to the 
taste, and absorbs moisture rapidly from the air, so that it 
roust be kept in close vessels. It is very soluble in water, 
but insoluble in alcohol, and is easily fused at a red heat. 
It is very impure, being mixed with silica and other sub« 
stances. It is manufactured in large quantities in the 
United States, in the Canadas, and in Russia. 

The article Sold as potash is the same as the above, 
except that it is not subjected to the last process of calcina- 
tion. It is a dark-colored mass, and contains much caustic 
potash, as well as carbonate, and is used extensively for the 
manufacture of soap. Pearlash is employed in the manu- 
facture of glass and paints, and for various other purposes. 

302. How may sulphnret of potassium be formed? 

303. What is the common name of carbonate of potash ? From 
what is it obtained ? 



220 croHPouNDS. 

804. BtearhmaU of Potash (KCCOj-f-HOjCOj). 
This salt is prepared by subjecting pearlash, for some ttme^ 
to an atmosphere of carbonic acid, which is absorbed in 
large quantity. Though less caustic to the taste than pearl- 
ash, it is still highly alkaline. It is less soluble also than 
pearlash) and less deliquescent. This salt is extensively 
used by bakers under the name of saUcsratus, 

305. Mtrate of Potash (KO^NOs). — This salt, the 
saltpetre, or nitre, of commerce, is formed, in this country, 
by decomposing the nitrate of lime, which abounds in the 
caverns of some of the western states, by carbonate of pot- 
ash, and filtering and evaporating the solution thus obtained. 
In some parts of Europe it is prepared in nitre-beds, which 
are made by heaping together old mortar, refuse animal 
matler, wood-ashes, &c., in which it gradually forms by 
the action of the atmosphere. 

Nitrate of potash is usually seen in long six-sided prisms. 
It is a colorless salt, of a cooling saline taste, and is very 
soluble in water. Heated to redness, it first melts and is 
then decomposed^ giving ofi^, at first, pure oxygen (209), 
and afterwards, if the heat is increased, nitrogen and nitric 
oxide. Thrown on burning charcoal it is decomposed, 
producing violent deflagration, by which it may always b« 
distinguished «from sulphate of soda, for which it has some- 
times been mistaken. It is a powerful antiseptic, and is 
used with common salt in the preservation of meat and 
other substances. 

But the chief use of nitre in the arts is in the manufacture 
of gunpowder, which is composed of nitre six parts, and 
charcoal and sulphur* each one part, the whole being moist- 

304. How is bicarbonate of potash formed 1 What is the name 
by which it is familiarly known 9 

305. How is nitrate of potash obtained 1 What is its common 
name ? Describe some of its properties. What nse is made of it f 
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ened and thoroughly groaod togeiher, and subaequently 
grained. When fired, the nitre, by its decomposition, 
furnishes oxygen, which combines the carbon, the sulphur 
at the same time uniting with the potassa. The action of 
gunpowder depends upon its generating, when decomposed, 
a large quantity of gaseous matter at a high temperature. 
The gases are chiefly nitrogen and carbonic acid, which, at 
the moment of explosion, opcupy more than 1000 times the 
▼olume of the powder from which the3r'are formed. The 
formation of the gases is not instantaneous, but occupies a 
certain time, and the ball is forced from the gun with a 
Telocity due to the ultimate effect of the whole. When 
made for particular purposes, the proportion of the ingre^ 
dients is sometimes considerably varied. 

306. Chlorate of Potash (K0,C106).— This salt is formed,, 
together with chlpride of potassium, by passing a current 
of chlorine through a strong solution of pearlash. The 
chlorate, being much less soluble than the chloride, readily 
crystalizes out of the solution, and is obtained in shining 
white scales. Its taste is not unlike that of nitre, but it is 
much less soluble than that salt. Heated moderately, it 
melts, and at a red heat is decomposed (200), giving up the 
whole of its oxygen. Thrown on burning charcoal, it de- 
flagrates like nitre, but more energetically. A few of the 
crystals, wrapped in tin-foil, with a piece of phosphorus, 
or a little sulphur, explode violently by a blow from 
the hammer. It was formerly used in the manufacture 
of Lucifer matches, and has been substituted for nitre in 
gunpowder ; which, however, when thus prepared, is liable 
to explode from causes so slight that its manufacture is 
dangerous. 

307. Silicates of Potash. Glass. — Silica, or silicic acid, 

306. How is chlorate of potash formed ? Describe it. 
19* 
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eomlmies with potash in sevenl proportions when the two 
substances are fused together; if carbonate of potash is 
used, the carbonic acid is expelled during the operation. 
Common crown-glass, for windows, is made by fusing 
together fine clean sand and pearlash ; and flint-glass, by 
using the same materials, with the addition of red lead. 
In some kinds of glass, soda, or soda and lime, may be sub- 
stituted for the potash. Dark bottle-glass is made of the 
same materials as the other kinds, but in a very impure 
state. Soluble glass^ as it has been called, because of its 
being soluble in water, is made by fusing together one part 
of silica and two or more parts of pearlash (or soda) ; but 
if the proportions of the ingredients be reversed, common 
glass is produced, which is not affected by water. 

Solution of soluble gJ/iss has been used as a varnish to 
protect combustible bodies from fire. 
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Symbol^ Na {jyatrdn ; Equwalentj 23.3 ; Density^ 0.978. 

308. ERstory and Preparation. — Sodium was discovered 
in 1807, by Davy, a few days after the discovery of potas- 
sium. The first portions of it were obtained by means of 
galvanism ; but it may be procured in much larger quantity 
by chemical processes, precisely similar to those just 
described for obtaining potassium. 

309. Properties. — Sodium has a strong metallic lustre, 
and in color is very analogous to silver. It is so soft at 

307. What is glass ? How is crown-glass made ? How flint 
glass % How is soluble glass formed ? What use has beenvmade 
of it? 

308. By whom was sodium discovered % How is it prepared ? 

309. Describe its properties* How is it effected when thrown 
upon Water? 
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Common temperatures, that it may be formed into leaves by 
the pressure of the fingers. 

Sodium soon tarnishes on exposure to the air, though 
less rapjdly than potassium. Like that metal it is instantly 
oxydized by water, hydrogen gas in temporary union with 
a little sodium being disengaged. When thrown on cold 
Vvaterr, it swims on its surface and is rapidly oxydized, 
though in general without inflaming ; but with hot water it 
scintillates, or even takes fire, and burns with a beautiful 
yellow fiame, which readily distinguishes it from potassium. 
It is preserved in naphtha in the same manner as potassium. 



Binary Compounds of Sodium. 

310. Protoxide of Sodium— NslO \ eq., (23.3 + 8=)31.3. 
This compound,, usually called soda^ is formed by the 
oxydation of sodium, as potassa is from potassium. VVith 
water it forms a solid hydrate, which is easily fusible, and 
very soluble both in water and alcohol. It is a powerful 
alkali, and very similar in all its properties to potassa. It 
is prepared from the carbonate in the same manner as the 
hydrate of potash. 

Soda is easily distinguished from potash, the only sub- 
stance for which it is likely to be mistaken, by a solution 
of tartaric acid, which forms with soda a very soluble salt, 
while that which this acid forms with potash is only par- 
tially soluble. With potash, therefore, a white precipitate 
will be formed, but not with soda. 

311. Chloride of Sodium — ^NaCl; eq., (23.3 + 35.4=:) 
68.7. — This is the common salt of commerce. It may be 
formed by burning sodium in chlorine, but is obtained in 

' ' ' t il ■ III! ^«— ^^^^— » 

310. What is soda? How may. it be distinguished from potash? 

311. What is chloride of sodium? .Where is it obtained? 
What use is made of it ? 
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great abnodance as a solid deposition in varions parts of the 
world, as in England, Poland, and at Abingdon, Virginia^ 
and in the waters of brine springs; which abound in New 
York, Pennsylvania, Virginia, Kentucky, Ohio, and other 
slates, as well as in other countries. Sea-water also con- 
tains it in the proportion of about 25 or 27 parts in every 
1000 parts of the water. 

The uses of this substance are well known. Besides the 
ordinary purposes to which it is applied, in preserving meat 
from putrefaction, and in seasoning food, it is used ex- 
tensively in the arts, in glazing pottery-ware, in the manu- 
facture of bleaching-salt, carbonate of soda, hydrochloric 
acid, &c. 

Salts of Soda. 

312. Carbonate of Soda — ^NaO,OOa. — ^The carbonate of 
soda of commerce was formerly obtained by lixiviating the 
ashes of sea-weeds, in the same manner as the carbonate of 
potassa is obtained from the ashes of ladd-plants. But it is 
now manufactured altogether from common salt, which is 
first converted into sulphate of soda by sulphuric acid, and 
then the sulphate, mixed with charcoal and carbonate of 
lime, is heated intensely in a wind-furnace. The mass thus 
obtained is then digested in warm water, and the clear liquid 
drawn off, and evaporated to dryness ; and the mass, mixed 
with charcoal or saw-dust, again heated in the furnace to 
complete the conversion of all the sulphate into carbonate 
of soda. By again digesting with water and evaporating, 
the pure carbonate is obtained. It is the saUsoda of com- 
merce ; and in a very impure state is known as soda-ask^ 
or British barilla. 

312. From what is thp carbonate of soda prepared ? What use 
!s made of it?. 
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Carbonate of soda is extensively used in the manufacture 
of glass and hard soap, and for other purposes. 

313. Bicarbonate of 5oda— NaO^CX)2+HO,C02.— This 
salt is formed by exposing the carbonate to an atmosphere 
of carbonic acid, in the same manner as the bicarbonate of 
potash. Like the corresponding salt of potash, it always 
contains one atom of water, and is really a double carbonate 
of soda and water, as expressed in the above formula, ft is 
often tised by bakers as a substitute for sal-aeratus. 

314. Sulphate of iS(oda—Na,0,SOs+l OHO.— Sulphate 
of soda, or Glauher^s salt^ is sometimes found native in dry 
situations, but more frequently in solution in the waters of 
mineral springs. It is also obtained in the manufacture of 
hydrochloric acid (279). It was first made known by 
Glauber, from whom it received its name, although he him- 
self called it sal-mirahile. It has a cooling, saline, and 
somewhat bitter taste; and is very soluble in water at a 
temperature 91® or 92°, but less so in water that is very 
cold or very hot. The crystals of this salt always contain 
more than half their weight of water of crystalization, which 
escapes when they are exposed to the open air, and they 
crumble into a white powder. Sulphate of soda is much 
used in medicine as a cathartic. 

315. Biborate of Socia — NaO,2BO.— This salt occurs 
in solution in the waters of certain lakes in Thibet and the 
East Indies, from which it is obtained by evaporation, and 
imported into this country and England under the name of 
tincal. When refined, by solution and recrystalization, it 
is sold as horaxy a substance well known for its extensive 



313. What is bicarbonate of soda? 

314. How is sulphate of soda prepared? By what other name 
is it known ? 

315. What is the common name for the biborate of soda? 
Where is it obtained ? 

F 
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use in the arts in vanoua metallurgic operations. The crys- 
tals contain mach water, which, however, is not given up 
even in the dryest atmosphere, at ordinary temperatures; 
but when they are intensely heated, the water is first ex* 
pelled, and then the salt fuses. 



LITHIUM. 

Symbol^ L ; Equivalent^ 6.4 ; Density^ — ? 

316. History^ fyc, — Lithium is a very rare substance, and 
IB found only in a few minerals, as spodumeme, and the 
variety of mica called lepidolite. It is obtained from these 
in combination with oxygen as the protoxide, lithia. From 
this the metal may be procured with some difficulty by 
means of galvanism. It is a white metal, like sodium. The 
protoxide, lithia, is a powerful alkali, like potash or soda, 
but is less soluble. The name is from the Greek, lithos^ a 
stone, in allusion to the source from which it is obtained. 

AMMONIUM. (JVot Isolable.) 
Symbol, NH4, or Am ; Equivalent^ 18.1 ; Density^ — ? 

317. History^ Sfc, — ^This supposed compound has been 
heretofore alluded to (231), but is again introduced for the 
purpose of describing some compounds it forms with other 
bodies, which require a plaCe here. 

As before stated, ammonium has never been procured in 
a separate state ; but it appears to exist in combination with 

316. From what is lithium obtained ? In what is lithia found ? 

317. What is ammonium ? Can it be obtained in a separate 
state? 



J 
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other bodies, and to possess some of the characters of a 
metal. It can replace both potassium and sodium in their 
compounds, and is generally believed to be the basis of all 
the salts of ammonia. 



Binary Compounds of Ammonium, 

318. Protoxide of Ammonium — ^NH40, or AmO. — As is 
the case with ammonium, the existence of this compound is 
hypothetical. But all the- ammonia salts of oxygen acids, 
it will be observed, contain an atom of water in their com- 
position, which appears to be essential to their existence. 
This atom of water, combined with the ammonia (NH3), 
forms the compounil in question, protoxide of ammonium 
(NH4O), which unites with the acid to form the salt. 
Thus, the composition of nitrate of ammonia, as formerly 
supposed, is NHs,N06,H0, which evidently is the same as 
NUfl^Oin except as to the mode of the arrangement of 
the particles. 

319,. Chloride of Ammonium — ^NH4C1. — ^Th is is the com- 
pound often called sal-ammoniac^ and hydrochlorate of am- 
monia. It may be obtained by neutralizing carbonate of 
ammmonia by hydrochloric acid ; but for use in the arts it 
is procured from the liquor obtained in the distillation of 
bones, in preparing animal charcoal, and also from that 
which condenses in the manufacture of coal-gas. 

Sal-ammoniac is a white solid, very tough, and difficult to 
pulverize, and has a density of about 1.45. It has a pun- 
gent, saline taste, and is very soluble in water; and sublimes 



318. What is the composition of protoxide of ammonium? Has 
it been obtained in a separate state ? Of What may it be consi- 
dered as composed 1 

319. What is the common name of chloride of ammonium? 
What axe some of its properties? 
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without fusion at a temperature below redness. Triturated 
with leoentlyHslaked lime, it yields ammonia, which is 
easily recognis^ed by its pungent odor. It is used for 
various purposes in the arts and in medicine. 

Salts of Ammonium. 

320. Carhonates of Ammonia. — There are several car- 
bonates of ammonia. The one best known is the sal" 
volatile of the shops, which is a sesquicarbanate. It is n 
semi-transparent solid, which is very soluble in water, and 
has the pungent odor of ammonia. Its composition is 
2NH40,3C08. Besides this there are the neutral carbonate 
and the bicarbonate, but they are seldom seen. 

321. jyUraie of Ammonia (NHjJN^Oj+HO), or, as it is 
now considered, nitrate of oxide of ammonium (NH40,N05), 
is prepared by neutralizing nitric acid with ammonia. It is 
a white salt, very soluble in water, and destitute of any 
ammoniacal odor. It is used in preparing nitrous oxide (225). 

322. HydrosulpJuUe of Sulphuret of Ammonium — 
NH4S,HS. — ^This is the substance usually called sulphuret 
of ammonia^ or hydrosulphuret of ammonia. It is formed 
by passing a current of sulphuretted hydrogen for some 
time through strong aqua ammonise, which should be kept 
cool by ice. It is much used by the chemist as a reagent. 

'It has been stated above (295) that most of the important 
salts are double oxides ; but this, it will be noticed, is a 
double sulphuret, — sulphuret of hydrogen combined with 
sulphuret of ammonium. Other instances of the kind 
might be given ; as the hydrosulphate of sulphuret of po- 
tassium, the composition of which is KS,HS. 

320. What is the common name for sesquicarbonate of ammonia? 

321. What use is made of nitrate of ammonia? 

322. What is the composition of Bufyhuret of ammonia 9 What, 
is the name now given it ? 
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BAKTH8. 

BARIUM. 

Symbol^ Ba ; Equivalentj 68.6 ; Density^ — ? 

323. ffisiory^ ^c. — ^This metal is procured by passing 
vapor of potassium over baryta (oxide of barium) at a red 
heat. Its density is supposed to be about 2. Heated in 
the open air, it burns with a red flame, and is rapidly 
oxydized when thrown into water. Its name is from the 
Greek harus^ heavy, its compounds generally possessing 
this characteristic property. 

^ Binary Compounds of Barium, 

324. Protoxide of Barium^BdiO -^ cq., (68.6+8==)74.6. 
This compound has been known many years by the names 
of barytes and baryta. It may be obtained by decomposing 
nitrate of baryta by heat. It is a gray powder, which slakes 
like lime when water is poured upon it, and becomes very 
hot. It dissolves readily in water, but is less soluble than 
potash or soda ; a property by which the alkaline earths are 
distinguished from the alkalies. It is very caustic to the 
taste, ^nd affects vegetable colors in the same manner as the 
alkalies. 

825. Chloride of Barium — BaCl] eq., (68.64-35.4=) 
104. — ^This compound is formed by dissolving the native 
carbonate of baryta in diluted hydrochloric acid. It crys- 
talizes in white scales, which contain two atoms of water. 

323. How is barium procured 1 What are its properties ? 

324. What is baryta ? Describe it. 

325. What is chloride of barium ? 
20 
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It is Tery soluble in water, and is much used as a test for 
sulphuric acid, with which baryta forms an insoluble sul- 
phate. 

Sali^ of Baryta. 

326. Carbonate of Baryta (BaO, COg) is found native, 
and called wUherite by mineralogists. From it all the other 
salts of baryta may be prepared. 

327. Sulphate of Baryta — BaO, SO3. — Sulphate of baryta 
is found abundantly in various places, often in beautiful 
crystals. It has a density of about 4.4, and is insoluble in 
water. When powdered and mixed with charcoal, and 
heated intensely, it is converted into sulphuret of barium, 
from which the other salts of baryta may be prepared, as 
from the native carbonate. By mineralogists, it is called 
heavy spar^ because of its great weight. Ground to a fine 
powder, it is used as a substitute for white lead, either alone 
or mixed with white lead. All the soluble compounds of 
baryta are poisonous. 

STRONTIUM. 

Symbol^ Sr ; Equivalent^ 43.8 ; Density^ — > 

328. History^ Sfc. — Strontium is obtained from its oxide, 
strontia, in the same manner as barium ; and in its appear- 
ance it is said very much to resemble that metal. Like 
barium, also^ it decomposes water with the evolution of 
hydrogen, and oxydizes rapidly in the open air. It receives 
its name from Strontian, a village in Scotland, near which it 
was first obtained. 

326. What is carbonate of baryta ? What use is made of the 
native oarbonate ? 

327. What is sulphate of baryta called by mineralogists? 

328. From what is strontium obtained ? 
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Binary Compounds of Strontium 

V 

329. Protoxide of StrojUium — ^SrO. — This compound, 
which is the earth strontia^ is formed by the oxydation of 
strontium. It is prepared also by heating the nitrate of^ 
strontia to redness, by which the acid is expelled. It much 
resembles bar3rta, seeming to sustain much the same rels^ion 
to it that soda sustains to potash. 



Salts of Strontia, 

330. J>litraie of Strontia (SrO,N06) is prepared by dis- 
solving the native carbonate in diluted nitric acid. It is 
much employed in fire-works, to give a beautiful red color 
to the flame. To show this, red fire^ mix intimately 40 
parts of this salt, 13 of sulphur, 5 of chlorate of potash, and 
4 of sulphuret of antimony, and burn it upon a dry brick, or 
marble slab, in a dark room. All the compounds of strontia 
communicate a red tint to dame in which they are heated. 



CALCIUM. 

Symbol^ Ca ; Equivalent^ 20.5 ; Density^ — ? 

331. History f Sfc, — Calcium is the metallic base of lime, 
from which it has been obtained, but only in very small 
quantity. It is said to be of a yellowish-white color, and 
rapidly oxydizes in the air. Little is known of its other 
properties. 

329. What is the earth strontia composed of? 

S20. How is nitrate of strontia prepared ? For what is it ased f 

331. What is calcium? 
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Binary Compounds of Calcium. 

■ • 

332. Protoxide of Calcium: Lime — CaO; eq., 20.5-f 
8=)28.5. — This compound, commonly known by the name 
of lime and quicklime^ is obtained by exposing carbonate of 
lime to a strong red heat, so as to expel its carbonic acid. 
If lime of great purity is required, it should be prepared 
from pure carbonate of lime, such as Iceland spar or Carrara 
marble ; but in burning lime in lime-kilns for making mortar, 
common limestone is employed. 

Lime is a brittle, white, earthy solid, the specific gravity 
of which is about 2.3. It phosphoresces powerfully when 
heated to full redness, and hence its use in the Drummond 
light (217). It is one of the most infusible bodies known ; 
fusing with difficulty even by the heat of the oxyhydrogen 
blowpipe. 

Exposed to the air, it gradually absorbs carbonic acid and 
crumbles to powder. It has also a powerful affinity for 
water, which is absorbed instantly on being poured upon it; 
and the combination is attended with great increase of tem- 
perature, and formation of a white bulky hydrate. The 
process of slaking lime consists in forming this hydrate, and 
the hydrate itself is called slaked lime. It differs from the 
hydrates of strontia and baryta, in parting with its water at 
a red heat. Recently-slaked lime dissolves sparingly in 
water, and has this singular property, that it is more soluble 
in cold than in hot water. The solution has a caustic, 
acrid taste, and acts upon vegetable colors like the alkalies. 
Exposed to the air, it absorbs carbonic acid: and if agitated, 
becomes milky. 

Mortar^ for building, is prepared by mixing sand with 

332. Fiom what is the purest lime procured? By what means? 
Describe it. Describe the process of slaking lime. Is lime soluble 
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reeeatly-slaked lime. It becomes very hard by exposure to 
the air, in consequence of the absorption of carbonic acid 
by the lime. Combination seems also to take place, to 
8ome extent, between the silica of the sand and the lime. 
When the limestone from which the lime is made contains 
a considerable portion of silica, alumina, &e., it constitutes 
hydraulic cement^ or water-'lime. Mortar prepared from 
this has the property of becoming hard under water, which 
is not the case with that prepared from pure lime. 

333. Fluoride of Calcium (CaF) is the fluor spar^ or 
Derhyshire spar of mineralogists. It is of use to the che-> 
mist as affording the chief source of the element fluorine. 



Salts of Lime, 

334. CarhonaJte of lAme — CaO,C02.— This is one of the 
most abundant mineral productions known ; it is found in 
every country as limestone^ chalky Iceland spar^ marble^ &c. 
It is decomposed by heat, and furnishes the quicklime used 
in preparing mortar. 

335. SulplMte o/Xm<j — CaO,S03+2HO.— This com- 
pound is well known as gypswnf^SLud plaster of Paris, 
Pure, crystahzed specimens are sometimes called selenitej 
and compact varieties, aJa^asfer. Common gypsum con- 
tains considerable water, which may be expelled by heat ; 
but there is a variety destitute of water, called anhydrite by 

mineralogists. When powdered gypsum, the water of which 

■ ' — " \ 

in water ? How is mortar for bnilding prepared ? What is water- 
lime, or hydraulic cement ? 

333. What is fluoride of calcium composed of? 

334. What is said of th« abundance of carbonate of lime? 
What are some of its varieties called 7 How is quicklime pre- 
pared from it? 

335. By what names is sulphate of lime known? How is 
20* 
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I 

has been expelled by a moderate heat, is again made into a 
'paste with water, it soon becomes hard, or '^ sets," as the 
workmen say ; — ^a property which adapts it admirably for 
many purposes in the arts. In stereotyping, a coat of this 
paste is spread carefully over type, set in the ordinary man- 
ner, which, soon becoming hard, is removed, and a cast in 
common type-metal taken from it, This, after certain pre- 
parations, and the emendation of any broken letters that 
may be found, constitutes a stereotype plate^ used in printing. 
Sulphate of lime is extensively used as a manure in many 
countries, with excellent effect It is slightly soluble in 
water, and is often found in well and spring water, and gives 
it the property called hardness. 

336. Phosphates of Lime, — ^There are several of these 
salts. One variety is found native, and is called apatite ; it 
is an essential ingredient of all fertile soils. Phosphate of 
lime constitutes the chief part of the solid matter of the 
bones of animals. 

337. Hypochlorite of Lime — CaO,C10. — ^This is the well- 
known chloride of lime^ hkaehing-powder^ or hleaching-salt 
of commerce. It is formed by passing a current of 'chlorine 
through recently-slaked lime. It is a white powder, and emits 
a faint odor of chlorine. # Great use is made of it in bleaching 
(273). For this purpose it is dissolved in water, and the 
articles to be bleached soaked in the solution, and then 
dipped in very dilute acid. The chlorine which is thus 
liberated produces the bleaching effect. The process is 
usually several times repeated. 

it prepared for use in the arts ? How is it used in stereo- 
typing? 

336. Is phosphate of lime very generally difiused ? 

337. What is hypochlorite of lime? What use is made of it? 
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MAGNESIUM. . 

Symbol^ Mg'j Eqtnoalenty 12,7 ; Densityy — ? 

338. History^ Sfc, — Magnesium is obtained from its chlo- 
ride by passing vapor of sodium over it when heated to red- 
ness in a glass tube; chloride of sodium is formed and 
magnesium set free. It is a white metal, of considerable 
brilliancy, and quite malleable. Heated in the open air, it 
readily takes fire, and burns with a brilliant fiame, producing 
the protoxide of the metal. 

Binary Compounds of Magnesium. 

339. Protoxide of Magnesium. — Magnesia — MgQ, — Magr- 
nesia is best obtained by heating the carbonate to redness, by 
Mrhich the carbonic acid is expelled. It is a soft, white 
powder, and is usually sold under the name of calcined 
magnesia. It is only very slightly soluble in water, 
requiring for this purpose 6000 or 6000 times its own 
weight of water. Hydrate of magnesia (MgO,HO) is found 
native at Hoboken, New Jersey, and other places. Mag- 
nesia is very infusible, and communicates this property to 
minerals in which it predominates, as talc and soapstone. 

Salts of Magnesia. 

340. Carbonate of Magnesia — MgO,C02. — Carbonate of 
magnesia is found native, in the magnesite of mineralogists, 

338. From what is magnesium obtained ? 

339. How is magnesia prepared from the carbonate ? 

340. Is carbonate of magnesia found native ? What is its com- 
position? 
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and may also be formed from the native sulphate. It is nearly 
insoluble in pure water, but dissolves in water impregrnated 
with carbonic acid, forming the liquid magnesia of the shops. 
341. Sulpluite of Magnesia — MgO^SO, + 7H0.— This is 
the well-known Epsom salty used in medicine. It is not 
unfrequently found in the waters of mineral springs, as at 
Epsom, in England, and may readily be formed by dis- 
solving magnesia, or its carbonate, in sulphuric acid. It is 
very soluble in water, and has a bitter, saline, taste. It may 
readily be distinguished from sulphate of soda by the form 
of its crystals, or by pouring into a solution of it a little 
caustic potassa, which will cause a white precipitate. In 
sulphate of soda, no precipitate will be formed. 
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ALUMINUM, 

Symbol J Al ; Equivalent^ 13.7 ; Density^ — ? 

342. History^, Spc, — ^The metal aluminum is obtained by 
decomposing chloride of aluminum by the action of sodium, 
in the same manner as magnesium is prepared from its chlo^ 
ride. It is a gray powder, with a metallic lustre. Confined 
in a close crucible, it may be melted; but heated in the 
open air, it takes fir^ and bums with brilliancy. 

Binary Compounds of Mtminum, 

343. Sesquioxide of Aluminum — AI2O3. — This is the 
earth alumina^ and is one of the most abundant of nature's 

■ ■ ■ ■ " *■ ■—■—■l ^ ■ ■ ■^^^^^^^^^l !■ ■! 1^ ■ M ^^m^"^^ M»— a^M ■ » IIMI II >^M I .■■■■i m p I ■*— I ^ .1^ 

341. What is the cQmmon name of sulphate of magnesia? What 
use is made of it? 

342. From what is the metal aluminum obtained ? 
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productions. Like silica, it is found in every soil, and in 
almost all rooks upon the face of the earth. Crystalized, it 
forms the ruby and the sapphire^ two of the most valuable 
gems. Emery also, so much used in the arts, is chiefly 
composed of this earth. It forms a laige part of clay, and 
gives to it its tenacious character, fitting it for the use of 
the potter. 

Pure alumina is a white powder, without taste or smell. 
It is easily prepared by pouring solution of caustic potash 
into a solution of alum, and washing and .heating the soft 
mass that is precipitated. It contracts much in drying, and 
the dried mass adheres tenaciously to the tongue when 

applied to it. 

• * 

Saks of Alumina, 

344. Sulphate of Alumina and Potash — Al203,3S03-f 
KO,S03 4-24 HO. — This double salt is the well-known 
alum of commerce. It is usually formed from a mineral 
substance called alum-slate, which is an argillaceous, slaty 
rock, containing iron pyrites. It is sometimes found 
naturally formed as an eflHorescence upon the surface of the 
rock. 

Alum is usugjly seen crystalized in octohedrons; it is 
very soluble in boiling water, and has a sweetish, astringent 
taste. When the crystals are heated, they melt and froth 
up very much, in consequence of thd large quantity of 
water they contain. Alum is much used in medicine and 
in the arts, especially in dyeing and calico-printing. 

Common or potash alum is the type of a whole family 
of alums ; as soda alum^ ammonia alum^ iron alum^ chro^ 

343. What is the composition of alumina? What natural pro- 
ductions are composed of alumina ? Describe this earth. 

344. What is alum composed of? What are some of the dif^ 
ferent kHids of alum ? 
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mium alum, &c. Soda and ammcmia alums are produced 
by causing these substances to replace the potash in com- 
mon alum; and iron and chromium alums, by replacing 
the alumina by the sesquioxides of iron and chromium. 
These alums are all exceedingly alike in their various pro- 
perties, and all contain, when crystaliz^d, 24 atoms of 
water. 

345. Silicaies of Mumina, — Several double silicates of 
alumina and other bases are found native, some of which are 
of great importance in the arts. Feldspar is a double 
silicate of alumina and potash, while alh'Ue., or Cleave^ 
landitCj is a double silicate of alumina and soda. Spodu^ 
meme and petalite are the same as the latter, except that they 
contain less soda, and a small portion of lithia. 

Sometimes feldspar undergoes a natural decomposition, 
losing its potash and part of its silica, and is then called 
kax>lin. This substance, which is essentially silicate of 
alumina, more or less pure, is the basis of all the varieties 
oi porcelain or China-ware* The articles are made of this 
of the proper form, and when dry, are exposed to a high 
temperature in a furnace, by which they become very com- 
pact but do not fuse. They are then dipped in the glaze, 
which consists chiefly of feldspar, ground to a fine powder, 
and suspended in water, a coating of which^dheres over the 
surface ; and when tlie articles are dried and again subjected 
to the heat of the furnace, it fuses and forms a glassy enve- 
lope, which incorporates itself with the body previously 
formed, and increases its compactness and strength. The 
glaze also renders them impervious to liquids, and even to 
the gases. For the finer kinds of porcelain, the kaolin, 
which constitutes the body, is mixed with some substance, 
as alkali or lime, by which it is rendered partially fusible, 

345. What is said of the silicates of alumina? What is kaolin % 
Describe the mode of manufacturing pcrcelainj or China-ware. 
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and the glaze therefore becomes more perfectly incorporated 
with it, so as to render articles made of it slightly trans- 
lucent. The colors are usually applied before the glaze, 
and are composed entirely of metallic oxides. 

Stone-ware is made of an infusible clay ; and when the 
articles are sufficiently heated in the furnace, common salt 
is thrown upon them, the soda of which combining with the 
materials of the clay ibrms a fusible compound that consti- 
tutes the glaze. Without this the articles would be porous, 
and water and other liquids would percolate through them. 

Red earthen-ware is made of the most common kinds of 
clay, which contain lime and iron, and is so fusible that 
only a moderate heat is needed in baking articles made of 
it. The articles, after being shaped upon the potters' wheel, 
are thoroughly dried, and then coated over with litharge 
(oxide of lead) in fine powder, which, by the heat of the 
furnace afterwards applied, fuses and spreads over the sur- 
face so as to form a fine glaze. Such vessels however 
should never be used with acids, which would attack the 
oxide of lead and produce poisonous compounds. 

Bricks are usually made of the same kind of clay as that 
just described. No glaze is required for them. The best 
bricks are now pressed when partially dry, to render them 
more solid, and to give them a smoother surface. 

346* The following six metals are of rare occurrence. 
Glucinum is found in the mineral called beryl j and in the 
emerald; — Zirconium is contained in the zircon or 
hyacinth; — Yttrium in the mineral, Gadolinite; — ^Tho- 
rium in thorite and monasiie ;— *and Ceirium and Lantha- 
num in the ininerals cerite and allanite. Of the last two 
little is known with certainty. 

What is stone^wart made of? Of what is red earthen-ware made ? 
How are bricks formed 1 
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MANGANESE. 

SymholjMni Equivalent, 27.7 \ Density j8M, 

247. History, — Manganese was first obtained by Gahn, 
from the substance then called magnesia nigra, which has 
since been foand to be an oxide of this metal. It received 
its present name to distinguish it from magpesiumy which 
has already been described. It is never found in nature in 
its metallic state, but its compounds are very generally dif- 
fused, and traces of it occur in both animal and vegetable 
substances. 

348. Preparation, — Metallic mai^ganese, in consequence 
of its great affinity for oxygen, is not obtained without con- 
siderable difficulty. To procure it, the black oxide, in fine 
powder, is mixed into a paste with oil and lampblack, and 
exposed, in a close crucible, to the highest heat of a powerful 
furnace. 

349. Properties. — Manganese is a hard, brittle metal, of a 
grayish-white color, and granular texture. It is exceedingly 
infusible, requiring the highest heat of a wind-furnace for 
fusion. It soon tarnishes on exposure to the air, and 
absorbs oxygen with rapidity when heated to redness ia 
open vessels. • 



347. Is manganese ever found native ? 

348. How may it be prepared? 

349. Describe this metal. 
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Binary Compounds of Manganese, 

350. Oxygen combines with manganese in no less than 
seven proportions, producing the compounds, MnO, M.njO„ 
MnOa, MnsO«9 Mn407, MnO,, and Mnjbj ; but only the per-* 
oxide, and the last two here mentioned, possess sufficient 
interest to require description here. 

351. Peroxide of Manganese — ^MnOg. — ^This is the com- 
mon, or black oxide^ of this metal. It is found in con- 
siderable abundance in the state of Vermont^ and in other 
places in this country. Heated either alone or with sul- 
phuric acid, it gives up a part of its oxygen ; but in the 
latter ease, twice as much is obtained as in the former. 
Heated with hydrochloric acid (272), chloride of manga- 
nese is formed, and chlorine evolved. It is much employed 
in the arts, in the manufacture of glass, and bleaching-salt, 
and for other purposes. When crystalized, it is called by 
mineralogists pyrolusite. The sesquioxide very much 
resembles the peroxide in appearance, and is often fraudu* 
lently sold for it 

352. Manganic Jlcid — MnO,. — ^This compound has never 
.been obtained * in a separate state, but only in combination 
with bases. It is interesting as the first metallic acid we 
are called to consider in the, progress of our course. It is 
formed, in combination with potash, by heating equal weights 
of peroxide of manganese and nitrate of potash to redness 
in an open crucible. The compound, manganate of potash, 
IS of a dark-green color, and has long been known by the 
name of chameleon mineral. Dissolved in cold water, it 

350. How many compounds of manganese and oxygen are 
there? 

351. What use is made of the peroxide of manganese ? 

352. Has manganic acid been obtained in a separate state? 
On what account is it interesting? AVhat is chameleon mineral? 

21 Q 
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forms a beautiful green solution, which hj continued dilu* 
tion changes to blue, purple, and, finally, to a brilliant red. 
Hence its name. The changes are much more rapid when 
hot water is used. 

353. Permanganic Acid^^^MnJOf, — ^This acid, in com- 
bination with potash, is formed, when solution of the man- 
ganate of potash is made with hot water, as above described, 
by the absorption of oxygen froni the air. It is to the 
formation of this compound that the red color is owing 
which is finally obtained by solution of chameleon mineral. 

From this red solution purple crystals of permanganate 
of potash may be obtained ; but when an attempt is made 
to separate either this or the preceding acid from the bases 
with which they are united, they are decomposed. 

354. Chloride of Manganese is formed by digesting the 
black oxide in hydrochloric acid. There are two known, 
the protochloride (MnCl) and sesquichloride (MngClj). 



Sails of Manganese. 

There are several salts of manganese, but the only one 
of importance in the arts is the following : 

355. Sulphate of Manganese^MnOfiOs+7UO.—Thia' 
salt is formed by digesting the peroxide in strong sulphuric 
acid by the aid of heat, and filtering when it has become 
cold. The crystals of the salt are of a rose-red color, and 
are very soluble in water. It is used in dyeing. 

353. How is permanganic acid produced in combinatioiil 

354. How is chloride of manganese formed ? 
.^55. Hour is siilnhatA of nianflra.nASA fhrmflH 9 



354. How IS chloride of manganese formed ? 

355. How is sulphate of manganese formed f 
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IRON* 

Symbol^ Fe {Ferrum) ; Equivalent^ 27.1 ; Density^ 7.7. 

356k History. — Iron, the most abundant and most useful 
of all the metals, has been known from the remotest anti- 
quity. The ores of the metal, as well as the metal itself, 
and some of its manufactures, are mentioned in the writings 
of Moses, and it is well known the ancient Greeks and 
Romans were acquainted with it. 

Iron has been found native in Guilford County, North 
Carolina, and in Canaan, Connecticut, and also in Russia, 
but only in small quantities. The occurrence of iron of 
meteoric origin, associated with nickel and often with 
cobalt, is, however very common. Masses of this character, 
often of great magnitude, have been seen to fall from the 
high regions of the atmosphere, apparently in a state of 
vivid ignition or combustion. Their bourse is always much 
inclined to the horizon, and before striking the surface they 
oAen burst into fragments, which bury themselves deep in 
the soil. As no such compound has ever been found in 
proper iron-mines, it is believed that these bodies must have 
their origin in some region foreign to the earth. 

The most important ores of iron are the hydrated per- 
oxide, called by mineralogists brovm Jietnatite ; the peroxide 
{specular iron^ or red hematite)^ and the black or magnetic 
oxide, which is a compound of the two preceding. The 
last is the natural magnet, or loadstone, English iron is 
obtained chiefly from the clay-iron stone^ which is an impure 
carbonate of iron, found abundantly in connection with the 

356. What is said of the abundance and antiquity of iron ? Is 
it found native ? What is said of meteoric iron 1 With what is 
it combined ? What are some of the most important ores of iron ? 
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coal-measures ; but in this couDtiy the metal is extracted 
klmost entirely from the ores previously mentioned. 

357. Preparalion. — The preparation of perfectly-pure 
iron is a. matter of considerable difficulty ^^ but the ordinary 
method of reducing it from its ores, ia, to heat th^m 
intensely, after having been reduced to powder, with char- 
coal or coke, and lime or siliceous sand, as the nature of 
»he particular ore may require. The oxygen of the oxide 
of iron is absorbed by the heated carbon and carried off as 
-carbonic acid, while the flux — for so the lime or sand is 
-called when used for this purpose — unites with the earthy 
|)art of the ore and forms a fusible compound, that remains 
upon th^urface, the melted iron, by its superior weight, 
■fidiing to the bottom. When a sufficient quantity of melted 
i(on has accumulated in the furnace, it is drawn off by an 
-aperture at the bottom, which can be opened for the purpose. 
After the iron has been removed, the slag, foimed by the 
union of the flux vith the earthy matter of the ore, is also 
drawn off 

The accompanying figure represents 
« section of a blast-furnace which is 
used for the reduction of iron ores. 
U is usually built of stone, thirty or 
forty feet high, and lined inside with 
fire-brick. Th^ charcoal, or coke, and 
the ore, in proper proportion, with 
the necessary flux, are thrown in at 
top ; and A A are pipes leading from li 
powerful bellows, worked by water or 
steam power, for supplying the blast of 
wr, which is generally forced through a series of pipes, 
placed above the furnace, so as to be kept heated by the 



blaze that constantly issues from the top. By this means 
it is heated before being forced into the ignited mass within 
the furnace. When once put in operation, such a furnace 
is kept in full blast for months, or even years, until repairs 
are needed; the fuel, with a proper proportion of ore and 
flux, being regularly supplied at the top. 

The iron obtained by this process is the casl or jrig iron 
of commerce, and contains a conaiderable quantity of carbon 
and other substances, by which it is rendered much more 
fusible than pure iron, but is at the same time harder and 
more brittle. To convert cast into malleable iron, it is 
exposed, in a melted state, to a current of air, which plays 
over its surface, or is forced through it. The process is 
usually conducted in a reverberatory furnace, a section of 
which is shown in the figure p 
in the margin. O is the grate j 
upon which the fire is kindled, j 
and H H the hearth which | 
contains die melted metal. As | 
the blaze from the fuel passes | 
to the chimney, C, it comes in | 
GonlacI with the melted iron, j 
and the carbon il contains — f 
and perhaps other impurities — ^ 

is gradually burnt out, and the iron becomes malleable. 
This process is called puddling. 

But it is not absolutely essential that cast-iron should 
'be fnsed in order to be changed into the malleable state 
When small articles made of cast-iron are heated for a time 
in contact with powdered oxide of iron in close vessels) 

furnace used for reduciog the oreg of iron. What kind of iron is 
obtained by this process 1 How is malleable iroD produced from 
cast-iron? U it easetitial thai casl-iron should be fused in order to 
be converted into malleable iron? How are small artides oCcaat- 
iron rendered malleable without melting them? 

31" 
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they are converted into malleable iron and still retain their 
form perfectly. The carbon, no doubt, is gradually ex- 
tracted by the oxygen of the oxide of iron used. 

358. Steel is formed by heating bars of malleable iron in 
close vessels in contact with charcoal, by which process a 
small quantity of carbon is absorbed and incorporated with 
the iron. This process is called cemenUdion ; and, although 
the proportion of carbon absorbed by the iron is small, yet 
very important changes are produced in its properties. It 
becomes more fusible, and may now be melted like cast- 
iron, and at the same time has become harder, and is capable 
of being tempered^ that is, of being made hard or soil, 
at pleasure. Bars of steel, from the cementation process, 
always present a blistered surface, occasioned by the libera- 
tion of gaseous matter — probably carbonic oxide — within 
their substance ; but when the metal has been melted and 
cast in moulds, it has a perfectly uniform texture, and is 
called cast-steel. 

359. Properties, — ^We have already, under the last head, 
in part described the properties of iron. It is a hard metal^ 
of a peculiar gray color, and strong metallic lustre, which is 
susceptible of being considerably heightened by polishing. 
Heated to redness, it becomes very soft and pliable, and is 
easily worked under the hammer, which gives it a decidedly 
fibrous structure. But its most remarkable property, to 
which its usefulness in the arts is very much owing, is its 
susceptibility of being welded ; — that is, two pieces being 
brought together at a white heat and hammered, become 
perfectly united as one piece. It has a strong affinity for 
oxygen, and exposed to the air and moisture, it rusis^ or 
oxydizes. Heated intensely in the blacksmith's forge, or in 

358. How is steel formed? What aie some of the properties 
of steel 1 How is cast-steel formed 1 

359. What are some of the properties of iron? How may 
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the flame of the compound blowpipe, it burns with bril- 
liancy. The same effect is produced by igniting a wire in 
a receiver of oxygen gas, or dropping iron-filings into the 
flame of a spirit-lamp. It has the property also of becoming 
magnetic under the influence of another magnet (160) of 
of the galvanic current (170). But pure iron loses its mag- 
netism when the influence is removed. Some of the com- 
pounds of iron, especially steel and the black oxide, how- 
ever, retain their magnetism permanently. 

Iron is ihe most tenacious substance known ; that is, it 
possesses the greatest strength. A wire of it ^*|;th of an 
inch in diameter has been known to sustain a weight of 
more than sixty pounds. 

Binary Compounds of Iron. 

360. Oxides of Iron. — There are three oxides of iron, 
which have already been partially described. ^They are the 
protoxide (FeO), sesquioxide (FcjOs), and the black oxide 
(Fe904), which is considered as a compound of the other 
two (FeO+FejOg). They are all found native, and may be 
formed by art. The red, or sesquioxide, is obtained by 
heating green vitriol (sulphate of theprotoxide of iron) to 
redness in the open air, and is used as a polish ing-powder, 
under the name of rouge or colcothar. Earth or clay highly 
* impregnated with it forms the red ochre used by painters. 
The black oxide constitutes the scale that always forms 
upon the surface of iron when heated to redness in the open 
air. Large accumulations of it are often seen by the side 
of the smithes anvil. 

pieces of iron be welded? What is said of the strength of 
iron? 

360. How many oxides of iron are there ? How is rouge or 
(oko^Aor formed? 
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361 . Sulphurets of Iran, — ^There are several of these, but 
we shall mention only two, viz., the protosulpkuret (FeS) 
and the bisulphuret (FeS^). The former is of a dark color, 
and may be formed by heating a mixture of iron-filings and 
sulphur, or by heating an iron rod to whiteness and rubbing 
it with a roll of sulphur. It is used in preparing hydro- 
sulphuric acid (254). The bisulphuret occurs native, and 
is called iron pyrites. It is of a beautiful yellow color, 
resembling gold, for which it has ofteti been mistaken. It 
is usually crystalized in cubes. It is used in* tne manu- 
facture of green vitriol and sulphuric acid, and sometimes 
for extracting its sulphur. 

362. Carburet of Iron, — ^Both cast-iron and steel are 
considered as carburets of iron, but the ingredients do not 
seem to be un|ted exactly in definite proportions. Cast-iron 
usually contains about 5 per cent of carbon, but sometimes 
it contains as much as 10 per cent., while steel seldom 
contains as much as 2 per cent iOrraphiU^ called also 
plumbago^ and hlack Uad^ has been considered as a carburet 
of iron, but probably it is simply a particular form of car- 
bon, usually containing 'a portion, of iron as an accidental 
impurity. It is found abundantly in nature, and is used in 
the manufacture of pencils and crucibles, and as a polishing- 
powder for stoves and other articles made of iron. 

Protiodide of Iron (Fel) is formed by digesting iron- 
filings or wire in water containing iodine, and evaporating 

the solution obtained. It is used in medicine. 

- IIP ■ ■ ■ ■ , , ..I ,. 

361. How may sulphuret of iron be formed? 

362. What are cast-iron and st^el considered ? What propor- 
tion of carbon is contained in cast-iron? What is graphite, or 
plumbago? How may iodide of iron be formed? 
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Salts of Iran, 

363. CarhonaU of Iron (FeOyCOj) occurs native, and is 
called spathic iroHj or steel orej by mineralogists. An im- 
pure variety is called clay^iron stone (356). It may also 
be obtained by adding solution of carbonate of soda to 
solution of green vitriol. Carbonate of iron, though 
insoluble in pure water, is dissolved by water charged with 
carbonic acid, and is thus contained in the water of ehaly^ 
heate Springs. 

864. Sulphate of /ron— .FeO,S03+7HO.— This salt is 
the green vitriol or copperas of commerce, so extensively 
used in the arts. It is a sulphate of the protoxide, and is 
prepared on a large scale at Strafford, in Vermont, and other 
places, from iron pyrites, which is first roasted slightly, and 
then exposed in heaps to the atmosphere, from which oxygen 
is absorbed, converting the sulphur into sulphuric acid, and 
the iron into oxide of iron ; the two together then uniting 
to form the salt in question. This salt is used in coloring 
black, and in the manu&cture of writing-ink, and for other 
purposes. 

The usual test for iron is solution of yellow prussiate of 
potash, which forms with it a beautiful blue. For an expe- 
riment, let a small quantity of the common hydrochloric 
acid be largely diluted with water, and then pour into it a 
few drops of solution of this prussiate, which will instantly 
* give a fine sky-blue color if iron be present in the acid, as 
is almost certain to be the case. The iron is derived from 
the utensils made use of in the manufacture of the acid. 

363. Is carbonate of iron found native 1 

364. What is the common name for sulphate of iron? From 
what is it prepared on a large scale in Vermont? What test of 
iron is mentioned ? • 
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ZllfC. 

Symboly Zn ; Equivalentj 32.3 ; Density, 7. 

365. History. — ^This metal has been known several cen-* 
turies, bat was not, for many years, much used. Its chief 
ores are calamine, which is a native carbonate, and blende^ 
which is a sulphuret ^ but several others are known. These 
ores are found in considerable abundance in New Jersey 
and other parts of this country. 

366. Preparation. — The ores of zinc are reduced by first 
roasting them in the open air, and then distilling them with 
charcoal in close crucibles from which a tube descends 
directly through the bottom. The metal is volatilized by 
the heat, and descends through the tube, from which it is 
received into a vessel of water. 

367. Properties. — Zinc has a bluish-white color and a 
strong metallic lustre. In masses, it always has a highly 
crystaline structure, and in commerce is called spelter. 
When cold it is quite brittle ; but heated to about 300'', it 
becomes malleable, and may be rolled into thin sheets. 
Heated to 773°, it melts ; at a little higher temperature, in 
the open air, it takes fire and bums with a brilliant white 
flame, producing the protoxide, which assumes an exceed- 
ingly delicate gossamer appearance, and has been called 
philosophers* wool, and by other names. 

Zinc is now much used in the arts, in the preparation of 
brass, in the construction of galvanic batteries, and, rolled 

in thin sheets, as a substitute for sheet-iron and tin-plate^ 

: . 

ij 365. What are the chief ores of zinc ? 

r 366. How are its ores reduced ? 

I, 367. What are some of the properties of zinc ? What use is 

made of it in the arts ? 
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Binary Compounds of Zinc. 

B6S, ^Protoxide of Zin^^ZnO, — This is the only oxide 
of zinc known^ except perhaps a suboxide. It is of a yel- 
lowish-white color, and may be prepared, as above described, 
by heating zinc in the open air, or by precipitating it from 
solution of white vitriol (sulphate of zinc) by carbonate of 
ammonia. It has sometimes been used as a substitute for 
white lead in painting, and is said to answer the purpose 
very well. 

369. Chloride of Zinc — ZnCl. — Chloride of zinc is 
formed by dissolving commercial zinc in hydrochloric acid, 
or by burning zinc in chlorine gas. By evaporation it may 
be obtained as a white solid, but is very deliquescent in the 
air. Mixed with sal-ammoniac, it serves an excellent 
purpose in tinning articles of copper, brass, and other 
metals. 

Salts of Zinc. 

There are several salts of zinc, but the most important is 
the following : — 

370. Sulphate of Zinc— ZnOjSOj+THO.— Sulphate of 
zinc is a white salt, which, when crystalized, contains, like 
green vitriol, 7 atoms of water. In commerce, it is called 
white vitriol. It is very soluble* in water ; and is some- 
times used in medicine as a powerful emetic. 



368. What is the only oxide of zinc known? 

369. How is chloride of zinc formed 1 

370. What is the common name for sulphate of zinc 1 
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CADMIUM. 

Sf/mbolj Cd ; E^valerU^ 55.8 ; Density^ 8.6. 

• 

371. History^ Sfc, — Cadmium is a very volatile metal, 
usually found associated with zinc. It was discovered in 
1817. In appearance it can scarcely be distinguished by 
the eye from tin, but is rather harder. It melts at 442°, — 
the melting point of tin, — and sublimes at a temperature but 
little above the boiling point of mercury. Its properties 
indicate that it would be a useful metal in the arts, but it 
has hitherto been found only in very small quantities. Its 
compounds are unimportant. 



TIN. 

Symbolj Sn {Stannum) ; BlquhdUnt, 58.9 ; DensUy^ 7.3. 

372. History, — Tin has been known from the most 
remote antiquity, and was in common use in the time of 
Moses. It is supposed the ancients obtained it chiefly from 
Cornwall, England, the mines of which now yield a large 
part, it is said, of the tin of commerce. It is found also in 
India, Germany, Chili, and Mexico ; but it is a little singular 
that it has not yet been discovered in the United States, 
except, perhaps, a few small crystals of the oxide in Ches- 
terfield, Massachusetts, and a small vein of the same ore in 
the town of Jackson, in New Hampshire. The chief ores 
are the oxide and sulphuret. 

« 

371. Describe cadmium. 

372. Has tin been long known? Is it found in the United 

States? 
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373. Preparation and Properties, — Most of the tin of 
commerce is obtained from the oxide, which is reduced by 
the action of charcoal at a high temperature. It is a bril- 
liant white metal, like silver, but is rather softer. It is very- 
malleable, and is rolled into very thin leaves, called tin-foiL 
It is inelastic, and when a rod of it is bent, a peculiar crack- 
ling noise is produced,, occasioned by its crystaline structure. 
It melts at 442^, and at a red heat is rapidly oxydized ; at 
a white heat it burns with flame. 

Tin is used for many purposes in the arts, both alone and 
combined with other metals, as in Britannia metal^ which 
is an alloy of tin and antimony, with a small proportion 
of copper. It is also used extensively to coat sheets of 
copper and iron, to prevent the oxydizing influence of the 
air and moisture, and other agents. Thin sheets of iron, 
coated over with tin, constitute the well-known and highly 
useful tin-plate. 



Binary Compq^n4s of Titi, 

374. There are three oxides of tin, the protoxide (SnO), 
the sesquioxide (SQ2O3), and the peroxide (SnOs) ; but the 
latter alone possesses sufficient importance to require a 
description. 

375. Peroxide of 7Yn is formed by exposing the metal to 
the action of nitric acid. a little diluted. It may also be pre- 
cipitated from a solution of the perchloride of tin (soon to 
be described) by an alkali. As obtained by the mode last 
mentioned, it is soluble in acids, but not as procured by the 
other mode. It is of a yellowish-gray color, and from the 

373. Describe the metal. What is Britannia metal ? What is 
the tin-plate of commerce so woU known ? 

375. How is peroxide of tin formed 1 For what purpose is it 
used ? 

22 • 
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circnmstance that it is capable of combining with bases 
in the manner of an acid, it has been called stcfnnic acid. 
It is much used as a polishing powder, under the name of 
putty ofUn, Melted with ingredients for forming glass, it 
produces a white enamel. 

376. PercMoride of Tin — SnClj. — This compound is 
formed by distilling a mixture of 1 part of tin filings and 3 
parts of corrosive sublimate, or by cautiously dissolving the 
metal in nitro-hydrochloric acid. It is much used as a 
mordant in dyeing, and as a disinfecting liquid. There is 
also a protochloride. 

There are two sulphuretg of tin; — the persulphuret 
(SnS2), sometimes called aurum mtmvum, has a yellow 
color, and metallic lustre, and is used as a paint, and also 
instead of the zinc amalgam (136) for exciting electrical 
machines. 

There are no important salts of tin. 



COBALT. 

SymhoIjCoi Equivalent^ 29.5', Denst^, 8.5. 

377. Hxstoryy S^. — Cobalt is almost always found asso- 
ciated with nickel, the metal next to be described; — as 
found in mines both are usually in combination with arsenic. 
The pure metal is obtained with difficulty; it is of a reddish 
white color, and is hard and brittle, and difficult to fuse. It 
is capable of becoming slightly magnetic. 

376. How is perchioride of tin formed ? 

377. With what is cobalt usually found associated 1 What are 
some of the properties of cobalt ^ 
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Binary and other Compounds of CohalL 

978. There are two oxides of cobalt, the protoxide (CoO) 
and the sesquioxide (CogOs), the former of which, mixed 
with some impurities, is sold in commerce as a gray pow- 
der, under the name of zafre. Fused with silica and potash, 
it forms smalt^ which is used for coloring glass, porcelaiOf 
&c., blud. The sesqui or peroxide is unimportant. 

379. Chloride of Cobalt (CoCl) is formed by dissolving 
zaffre in hydrochloric acid. The solution has a pink color, 
and yields by evaporation small crystals of the same tint. 
Writing made with a diluted solution of it is nearly invisi- 
ble, but becomes of a beautiful but pale blue color when 
the paper is warmed by the fire, and again disappears as tho 
paper cools. It has been called HelloVs Sympathetic Ink. 
The addition of a salt of nickel gives the writing a green 
color. 

iThe salts of cobalt possess no especial interest. The 
subcarbonate is a fine powder of a very delicate pink tint 

IflCKEL. 

Symbol^ Ni ; Equivalent^ 29.6 ; Density^ 8.5. 

380. History, Sfc, — ^Nickel and cobalt, as intimated above, 
are in nature almost inseparable companions. Arsenical 
nickel and cobalt are found at Chatham, in Connecticut, 
and also in Missouri, and in various places in Europe ; but 
mines of these metals are not common. A beautiful hy« 

378. What is zaffre f What use is made of it? 

379. How is chloride of cobalt formed ? 

380. With what is nickel aUnost always combined 1 Describe 
this metal. What use is made of nickel? 



256 ARSENIC. 

drated, green, carbonate of nickel has recently been disco- 
vered in Lancaster County, Pennsylvania. Nickel is almost 
always combined with meteoric iron (356), of the mass of 
which it sometimes constitutes as much as ten per cent. 

Pure nickel has a white color, and strong metallic lustre. 
It is quite hard but malleable, and is nearly to difficult to 
melt as iron. It is not readily acted upon by the air or by 
moisture. Of late it has been considerably used in the arts 
to form the alloy called German siherj which is said to be 
composed of copper 10 parts, zinc 6, and nickel 4 

None of the compounds of nickel possess sufficient inte- 
rest to require description here. 

I 
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ARSENIC. 

Symbolj As ; Equivalent, 75.3 ; Density^ 5.88. 

381. History and Preparation. — ^Metallic arsenic some- 
times occurs native, but usually it is found in combination 
with other metals, and especially with iron and cobalt. 
These and other arsenical ores are heated in such a manner 
as to condense the fumes of white oxide of arsenic that are 
sublimed; and the mass so obtained is then heated with 
charcoal, or black flux, in a close crucible, by which the 
oxide is reduced. The metal is expelled in the state of 
gas, and should be collected in a cool receiver, kept free as 

381. With what is arsenic usually found combined? What is 
the mode described for obtaining a little metallic arsenic from one 
of its ores ? 
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possible from air. Let a common Hessian cru- 
cible be half filled wilh tlie misiure, and ihen 
place another crucible, a size smaller, in an in- 
verted posilioa above it, as sliown in the figure, | 
carefully luting them at their junction, A 
moderate heat should then be applied to the 
lower crucible and very gradually raised. The 
metallic arsenic will be sublimed from the mix- 
lure and condensed in small crystals in the inverted crn- 
cible, which should have a very small aperture in the bot- 
tom, to allow the air to escape as the heat is raised. 

382. Properties. — Arsenic is a brittle meul, of a dark 
color, and feeble metallic lustre. Healed to about 356°, it 
is sublimed, without first melting, as is the case with most 
solids- Its vapor has a strong garlic odor, by which its 
presence may be recognized. The metal is sometimes sold 
under \he name of cobalt, ot fiy-fowder. 



Binary Compounds of ^reenie. 

383. Jineniom Acid — AsO,. — This compound is the 
arsetUe, or rats' hone, of commerce, well known as a 
destructive poison. It is always produced when metallic 
arsenic or its ores are heated in the open air. It is usually 
sold in a state of fine white powder; but when first 
Hubliraetl, it is in the form of brittle masses, more or less 
transparent, colorless, of a vitreous lustre, and conchoidal 
fracture. This glass, which may also be obtained by fusion, 
gradually becomes opaque without undergoing any appa- 
rent change of constitution, but becomes more soluble in 

382.' What Bto some of the properties of arsenic 1 
3S3. What is the common name foe aiienious acid 1 How is it 
obtained T 

US' « 
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water than before. Ite specific gravity is 3.t. At 380** it is 
volatilized, yielding vapors which do not possess the odor 
of garlic, and which condense unchanged on cold surfaces. 
This substance is so frequently used to destroy life that 
it becomes an important object to be able to detect it in 
cases where suspicions have been excited ; but we reserve 
our remarks on this point until some others of the many 
compounds of arsenic have been described. 

384. Arsenic Acid — ASO5. — ^This acid may be formed 
by dissolving arsenious acid, just described, in nitric acid 
mixed with a little of the hydrochloric, and evaporating to 
dryness. It is a powerful acid, much resembling phosphoric 
acid (260) ; with which it is isomorphous. 

385. Arseniuretted Hydrogen — AsHg. — This gas is 
always evolved in the ordinary process for preparing hydro- 
gen (218), when arsenic, or some of its compounds, is 
present, either free or in combination with the materials 
used. To prepare it, pour upon some pieces of zinc 
diluted sulphuric acid with a few drops of solution of 
arsenious acid ; the gas, which bums with feeble blue flame, 
will be at once rapidly evolved. It has a slight garlic odor, 
and is exceedingly poisonous, destroying instantly small 
animals that are thrown into it. 

386. Snlphurets of Arsenic. — The Msulphuret of arsenic 
(AS2) is found native, and called realgar by mineralogists, 
it may also be formed by art. It is of a dull red color. 
The persulphuret (AsSs) is the orpiment^ or king'^s yellow 
of commerce. It is formed by passing a current of sulphu- 
retted hydrogen through a solution of arsenious acid, con- 
taining a little free muriatic acid. It is also found as a 
natural production, and is of a bright yellow color. 

- ■■■■■■■-■ - I ■- ■■■■■■■■■ ■■!■» I — - ■— ^M^^^B^M^I I ■ ^l^papi— ^^— ^»^B^— — ^^»^ 

384. What is arsenic acid ? 

385. How is arseniuretted hydrogen formed ? 

386. Describe the sulphurets of arsenic. 
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Detection of Arsenic, 

387. There are as many as ten or twelve different tests 
for arsenic, but we shall confine our remarks to four or five 
of the most important. A single test should never be relied 
on, but several different ones should always be applied to 
separate portions of the suspected substance. 

1st. Pour into a portion of the suspected substance, if 
liquid, solution of ammonia-nitrate of silver, which will give 
the arsenious acid, if present, a yellow precipitate ; but it 
should always be remembered that phosphoric acid, if 
present, would also give a similar precipitate, so that this 
test alone cannot be fully relied upon. 

The ammonia-nitrate of silver is prepared by dropping 
aqua ammonias into solution of nitrate of silver, and stirring 
until the precipitate at first formed is very nearly all dis- 
solved. 

2d. Pour into another portion of the suspected liquid, 
ammonia-sulphate of copper, which gives with arsenious 
acid a beautiful green precipitate, called Sckeele^s green, 

3d. Through another portion of the liquid, acidulated 
with muriatic acid, pass a current of sulphuretted hydrogen 
for half an hour, and then boil it a few moments ; if arsenic 
be present, a yellow precipitate — 
orpiment (386) — will be formed. 
The mode of passing the current 
of gas through the liquid will be 
seen oy the accompanying figure. 
The materials for producing the 
gas (254) are put into a fiask, and 
a tube, bent twice at right angles, is 
inserted through a cork, so as to be air-tight ; 'the other 

387. Describe some of the tests for arsenic. Should more than 
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end is then immersed in the liquid, contained in a glass ves- 
sel, so as to reach near the bottom, and the gas, as it 
escapes, bubbles through the liquid. The mode is the 
same as before described (254). 

4th. Into still another portion of the liquid put a piece 
of bright metallic copper, and apply the heat of a spirit- 
lamp ; if arsenious acid be present, the copper will soon be 
covered with a gray crust. This is called Reinsch^s test. 

6th. Mix a fifth portion of the suspected substance with 
a little dilute sulphuric acid, and pour it into a vial with 
A some pieces of clean zinc, and insert a small tube 
of hard glass ; if arsenic be present, arseniuretted 
hydrogen (385) will be evolved, which will issue 
in a jet from the tube. By inflaming this jet, and 
holding a piece of clean glass for a moment in the 
fiame, a deposit of metallic arsenic will be found 
upon it, appearing as a dark gray spot. Antimony 
contained in the materials would give a result 
somewhat similar, but the two metals are easily distin- 
guished. In using this delicate test, special care should be 
taken to have all the materials pure. This is called MarsJCs 
test. 

In cases of actual poisoning, it is not often that a pure 
solution is to be operated upon, as is supposed in the above 
examples, but the contents of the stomach which have been 
ejected, or the stomach itself, or some article of food. The 
proper method to be then pursued becomes more compli- 
cated ; but the details will not be expected here. In tjudi- 
cial investigations, in addition to the above tests, it is 
usually required that sublimed metallic arsenic should be 
obtained. This is accomplished by taking a portion of the 
suspected substance, if in a solid state, or the precipitate 

one test be always used? In judicial investigations, what is 
usually required in addition to the above tests? 
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formed by the sulphuretted hydrogen process, and after 
drying it carefully, mixing it with black flux, and exposing 
it to the heat of a lamp, in a clean glass tube. The arsenic, 
if present, is sublimed, and forms a brilliant coating on the 
inside of the tube, just above the heated part. 

388. Antidote for Arsenic—^ln case of poisoning with 
so destructive a substance as arsenic, little can usually be 
expected from antidotes ; but hydrated peroxide of iron is 
perhaps the best substance that can be administered. It 
may be formed by dissolving iron in aqua regia (280) and 
precipitating with ammonia. This compound forms with 
arsenious acid arsenite of iron, which is insoluble, and 
therefore inert 



CHROMIUM. 

Symboly Or ; Equivalent, 28.1 ; Density, 5.9. 

389. History^ Sfc, — Chromium was discovered in 1797. 
It is found in considerable abundance in Massachusetts, 
Pennsylvania, and other states, in the mineral called chrome 
iron^ and also in combination with oxide of lead. Its name 
comes from the Greek chroma, color, in allusion to the 
splendid color of many of its compounds. It is prepared by 
heating its oxides mixed with charcoal, but not without 
difficulty. The metal has a white color, and distinct 
metallic lustre. It is very brittle, infusible, and with dif- 
ficulty attacked by the acids. 



388. What antidote of arsenic is mentioned ? 

389. In what mineral is chromium found ? From what is the 
name derived ? 
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Binary Compounds of Chromium. 

' 390. Oxides of Chromium, — Oxygen forms several com- 
pounds with chromium; but two only, the sesquioxide 
(CrjOg) hnd' chromic acid (CrOg) will claim attention here. 
The former is of a green color, and imparts a rich green to 
glass or porcelain, for which purpose it is highly valued. 
Chromic acid is prepared from the bichromate of potash ; 
it is very soluble in water, and has a sour taste. With 
bases it forms important salts. 

f 

Salts of Chromic Add. 

391. Chromate of Potash (KOjCrOg) is formed by heat- 
ing a mixture of native chrome iron in powder with nitre, 
and digesting the mass obtained in water, and crystalizing. 
The crystals have a lemon-yellow color, and a bitter 
astringent taste. They are very soluble in water, but not 
in alcohol. 

392. BichromaU o/ Po^oaA-^ KO,2Cr08.— This salt is 
formed by adding sulphuric acid to solution of the neutral 
chromate, and crystal izing. It is of a brilliant red color, 
and is used in dyeing. 

393. Chromate o/JLead— PbO,Cr03.— This is the beau- 
tiful chrome yellow^ used as a paint. It is formed by 
mixing solutions of chromate of potash and acetate of lead. 
Chrome green is formed by mixing the chromate of lead 
with Prussian blue, in a particular stage of the process of 

manufacture. 

t ■ , II. ■ 

390. What is chronaic acid ? 

391. How is chromate of potash formed? 

392. How is bichromate of potash formed ? What is its color ? 

393. What ia the common name of chromate of lead 7 What 
use is made of it 7 
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ANTIMONY. 

Symbol^ Sb {Stihium)\ Equivalent j 129.2; Densny^ 6.7. 

394. History. — ^Antimony is remarkable as having been 
the first metal discovered after the seven metals (293) 
known to the ancients. It has been found in ttie metallic 
state, but is prepared chiefly from the sulphuret, which is 
not of unfrequent occurrence. 

395. Prepetraiion. — The metal, called also regulus of 
ariiifnony^ is obtained by heating the sulphuret with iron- 
filihgs, or black flux, in a close crucible. 

396. Properties. — Antimony is a very brittle metal, of a 
white color, and brilliant lustre. It always has a highly 
crystaline structure, and melts at a temperature a little below 
redaess. A small fragment, heated on a piece of charcoal 
before the blow-pipe, takes fire ; and when thrown upon 
the floor breaks into numerous globules, which continue to 
burn as they are scattered, leaving a train to mark their 
palh, and filling the air with fumes of the oxide. Alone it 
it is too brittle for use, but in combination with other 
metals (373, 413) it forms very useful alloys. 

Binary (Compounds of Antimony. 

397. Antimony forms with oxygen three compounds, two 
of which are acids ; but they possess no special interest. 
There are also three chlorides, corresponding in compo- 
sition with the oxides. The per chloride is formed by 



394. For what is antimony remarkable ? 

395. How is the metal reduced from its ores % 

396. Describe this metal. 

397. What is said of the compounds this metal forms with oxygen 
and chlorine ? 
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dropping finely-powdered antimony into a vessel of chlorine 
gas, in which the metal takes fire spontaneously. 

398. ^ntimoniuretted Hydrogen may be prepared in the 
same mode as the corresponding compound of arsenic (385). 

The salts of antimony are unimportant. 
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Symbol, Bi; Equivalent, 71 ; Density, 9.8. 

399. History, Sfc, — Metallic bismuth is found in small 
quantities in Monroe, Connecticut, and other places, but is 
chiefly obtained from the sulphuret. In mass, it much 
resembles antimony in its crystaline structure, but has less 
lustre, and is of a reddish color. It is brittle when cold, but 
may be hammered when moderately heated. It melts at 
about 476°, and sublimes at a high temperature. Bismuth 
is used in the arts in combination with other metals, but 
is too brittle for use by itself. 

Binary and oilier Compounds of Bismuth, 

There are several oxides, sulphurets, chlorides, &c. ; but 
they possess no special importance. 

400. Mtrate of Bismuth^BiO^O^.— This salt is formed 
by dissolving the metal in nitric acid. It is soluble in 
water; but if the solution is largely diluted, the salt is 
decomposed, and suhnitraie of bismuth precipitated. This 
last salt is used in medicine, and also as a cosmetic. 



398. How may an timoniu retted hydrogen be prepared ? 

399. Is bismuth found nativfe 1 What are some of its properties ? 

400. How may nitrate of bismuth be formed ? 
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COPPER. 

Symholj Cu {Cuprum) ; Equivalent^ 31.7 ; Density^ 8.9. 

401. History. — Copper has been known from the earliest 
ages, and is often found in the earth in its metallic state. 
A mass obtained in the region of Lake Superior, now in 
Washington, weighs some 3000 pounds. It is also found 
as a carbonate, sulphuret, and oxide, as well as in other 
combinations. The ores of copper are very generally dif- 
fused, some of them being found in almost every country. 

402. Preparation, — ^Metallic copper is obtained from the 
oxides and the native carbonates simply by heating these 
ores with charcoal; but the sulphuret, especially when 
mixed with iron, is reduced with more difficulty. 

403. Properties. — Copper is distinguished by its peculiar 
red color. It is very ductile and malleable, but less tena- 
cious than iron. It is less liable to be corroded by air and 
moisture than iron, but is gradually corroded by the joint 
agency of these elements, and becomes coated with a green 
crust, which is carbonate of copper. Heated to redness, it 
becomes oxydized, and nitric acid readily dissolves it. It is 
used extensively in the arts, both alone and in combination 
with other metals. 

404. 'Alloys of Copper.— Copper forms with other metals 
many very useful alloys. Three or four parts of copper 
with one of zinc constitutes brass ; and by a variation of 
the proportions, the alloys called tombac^ Dutch gold, and 
pinchbecks are produced. Bronze is an alloy of copper and 

401. Has copper been long known? Is it found native? 

402. How is copper reduced from several of its ores which are 
mentioned? 

403. By what peculiarity is copper distinguished? What is 
said of its corrosion by air and moisture ? 

404. Does copper form any useliil alloys ? What is brass 9 
23 
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aboat 10 per cent, of its weight of tin; and hell-metalj an 
alloy of 4 partf of copper with 1 of tin ; while speculum 
metttlj used for t.he mirrors of reflecting telescopes, contains 
about 2 parts of this metal to one of tin. Equal parts of 
copper and zinc form hard solder^ which is used in soldering 
articles of brass. 



Binary Compounds of Copper* 

405. Oxides of Copper. — Red oxide of copper (CujO) is 
a suboxide ; it is found native. The black or protoxide 
(CuO) is also found native, and is produced when copper is 
heated to redness in the open air. It is the base of the salts 
of copper. ' 

There are two chlorides of copper, but only a' single sul- 
phuret (GugS), which is one of the common ores of the 
metal. 

Salts of Copper. 

406. Sulphate of Copper— -CnOfiO^+^UO,— This is the 
blue vitriol of commerce ; and is formed by dissolving the 
protoxide in sulphuric acid. It is very soluble in water, 
and is extensively used in the arts. Its color is a fine blue. 

407. Mirate of Copper (CuOJ^Os + SHO) is formed by 
dissolving copper in nitric acid. By slow evaporation, it 
may be obtained in crystals, which contain 3 atoms of 
water. It is deliquescent in the air, and very corrosive to 
the flesh. 

408. Carbonates of Copper, — There are several car- 

405. What oxides of copp6r are mentioned 1 

406. Whi«t is the blue vitTiol of oommerce? 

407. How may nitrate of copper be formed ? 

408. What is said of the garbonates of copper ? 
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bonates of copper, or rather sobcarbonates, as the green 
and blue malachiiesj which are found native. Green ver- 
dUer^ or mineral green^ is a hydrated subcarbonate, obtained 
by precipitating a solution of blue vitriol with carbonate of 
potash or soda. 

Ammonia produces a deep blue color in diluted solutions 
of any of the salts of copper, by which they may always 
be distinguished. ^ ' 

409. Arsenite of Copper^ or ScheeUPs green^ is prepared 
by first dissolving arsenious acid and pearlash together in 
warm water, and then pouring into it gradually warm solu- 
tion of sulphate of copper. It is of a beautiful green color, 
and is much used in painting. In commerce, it is called 
Pearls green. 



LEAD. 

Symbol^ Pb {Plumhm) \ Equivalent^ 103.7 ; Density^ 1 1 .38. 

410. History. — Lead is one of the seven metals known to 
the ancients. Its most impor1ii|pt and most abundant ore, 
from which all the lead of cohimerce is extracted, is the 
sulphuret, the galena of mineralogists; but it is found in 
many other forms, as carbonate, sulphate, phosphate, &c. 
It is very abundant in different parts of this country. 

411. Preparation, — ^The metal is reduced from the sul- 
phuret by first roasting it in the open air, and subsequently 
heating it with lime in a charpoal fire. The ore usually 
contains a little silver, which remains in combination with 
the lead. 



409. How is arsenite of copper, or Scheele's grnuj formed t 

410. What is the chief ore of lead ? 

411. How is the metal reduced from the sulphuret? 
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412. Properties, — ^Lead is a bluish-gray metal, and when 
recently cut has a strong metallic lustre^ but the surface 
soon tarnishes on exposure to the air. It is soft and mal- 
leable, but not very tenacious. Heated to about 612°, it 
melts, but it cannot be volatilized by any degree* of heat yet 
produced. Exposed to the. air and moisture, it is gradually 
corroded ; and a crust, the white carbonate, is formed upon 
its surface. • 

The peculiar properties of lead fit it for use in the arts for 
a thousand purposes ; but one of its most important uses is 
in constructing pipes for conveying water. But when the 
water is to be used for drinking, care should always be 
taken to have the tubes kept constantly filled with water, as 
the introduction of air (418) tends to form the highly poi- 
sonous carbonate ; and even then the water should not be 
used uritil it has been proved by experiment that the par- 
ticular water to be discharged by the tube is not capable of 
acting upon the lead. 

Lead is gradually acted on by boiling sulphuric acid ; but 
its only proper solvent among mineral acids is the nitric, 
which forms with it a solid^le salt 

413. Alloys of Lead. — Lead forms with other metals 
many useful alloys. Two parts of tin and one of lead, 
fused together, form soft solder^ which is much used in 
cementing together the dififerent pieces of articles made of 
tin-plate (373), Britannia metal, &c. A coarser kind, 
which requires a higher temperature to melt it, is composed 
of lead 3 parts and tin only 1 part. Pewter is an alloy of 
lead and antimony, and sometimes a little copper. TSfpe-- 

• 

412. Describe some of the properties of lead. What is said to 
be one of the most important uses of lead ? What danger attends 
its use for this purpose? What should always be done aAer 
putting down lead pipe before using the water conveyed by it? 

413. What are some of the useful alloys of lead mentioned? 
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metal is an alloy of 3 parts of lead to one of antimony. 
Tin^ lead, and bismuth, form a very fusible alloy ; when 
made of 8 parts of bismuth, 5 of lead, and 3 of tin, it will 
melt in boiling water. 

Lead shot is said to be made of an alloy of lead and 
metallic arsenic, the latter substance being added to facilitate 
the manufacture. 

Binary Compounds of Lead, 

414. Protoxide of Lead — PbO.— -Protoxide of lead is 
formed by heating lead, in the open air, a little above its 
melting point; oxygen is gradually absorbed, and a yellow 
powder formed, which was formerly used as a paint, and 
called massicot. As usually manufactured, it is in the 
form of reddish-yellow scales, occasioned by its having been 
partially fused. It is much used in painting as a dryer, and 
is called litharge. It fuses readily at high temperatures, 
and enters into combination with several of the earths and 
alkalies, producing a transparent glass, which renders it an 
excellent substance for glazing some kinds of earthen- 
ware (345). 

415. Peroxide of Lead — PbOi. — ^This oxide is obtained 
by digesting red lead (the compound next to be described) 
in nitric acid, which dissolves out the protoxide, leaving the 
peroxide quite pure, in the form of powder. 

416. Red Oxide of Lead — Pb304. — This compound is 
the red lead^ or miniumy of commerce, much used in the 
arts as a paint, and as one of the ingredients in the manu- 
facture of flint glass (307). It is formed by heating metallic 
lead to a temperature of 600'', or 700", in the open air, so 

414. What use is made of protoxide of lead ? What is it called 
in commerce? 

416. How is peroxide of lead formed? 
416. What is red lead ? What use is made of it? 
23* 
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as to oxydize it without fusing the oxide, and continuing 
the beat for some time. Heated to redness, it gives up a 
portion of its oxygen and is reducfed to the protoxide. 

417. Sulphuret of Lead (PbS) is found in grea't abundance 
as a native production. It is also formed by passing a cur- 
rent of sulphuretted hydrogen through a solution of any salt 
of lead. As it occurs native, its color very much resembles 
that of metallic lead, but its structure is always crystalline. 



Salts of Lead. 

418. Carbonate of Lead — PbOjCOj. — This is the white 
lead of commerce, so extensively used in painting. It is 
formed by several difierent modes, and is also found as a 
natural production. Nearly all ihe white lead of commerce, 
at the present time, is adulterated by mixing sulphate of 
baryta (327) with it in fine powder. Taken into the sys- 
tem, white lead acts as a violent poison. 

419. Sulphate of Lead— PbOJSOj.— Sulphate of lead is 
found native, and called anglesite by mineralogists. It is 
also formed when solution of any Sulphate, as sulphate of 
soda^ is mixed with solution of any salt of lead. It is 
sometimes used in painting as a substitute for white lead. 

420. Zinc precipitates lead from all its sc^uble salts in its 
metallic state. Make a solution of 1 part of nitrate or 
acetate of lead in 24 parts of distilled water, and suspend 
in it^ near the top, a piece of clean zinc ; the precipitation 
of the lead will immediately commence, and in the course 
of 24 or 48 hours, the metal will appear in the form of large 
thin leaves, called sometimes arbor SatumL 

417. Is sulphuret of lead found native? 

418. What is white lead ? 

419. Is sulphate of lead found native? 

420. How is the arbor Saturni formed ? 
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421. The following metals, seven in number, being (bund 
only in very small quantities, and never having been applied 
to any useful purpose, may be passed over without further 
notice, viz: — Molybdenum, Vanadium, Columbium, 
Tungsten, Tellurium, Titanium, and Uranium. The 
oxide of titanium has been used in coloring mineral teeth. 
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M E r c u r r. 

Symholj Hg (Hydrargyrum) \ Equiv^ 202.8 ; Density^ 13.5. 

422. History and Preparation, — Mercury, or quicksilver^ 
is one of the seven metals of the ancients. It is sometimes 
found in its metallic state; but most of the mercury of com- 
merce is reduced from the native sulphuret, called cinnahar. 
It is not very generally difiused, there being but few mines 
that afford it in any considerable quantity. Most of the 
mercury used in this country comes from Spain ; but it is 
obtained also in Germany, Siberia, in the Elast Indies, and in 
California. To extract the metal, the ore is heated with 
iron-filings or lime, by which means the metal is volatilized 
jand the sulphur retained. 

423. Properties, — ^Mercury is distinguished from all other 
metals by being fluid at ordinary temperatures. It is white 
as silver, and has a brilliant lustre. Cooled to — 40°, it 
freezes or becomes solid, and is then very malleable, and 
nearly the color of lead; at 662*^, it boils and forms a colorless 

422. Was mercury known to the ancients? What is the ore 
from which most of the mercury of commerce is extracted 7 

423. How is mercury distinguished from all other metals 7 At 
what temperature does it become solid 7 What other propertiss 
are mentioned ? 
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vapor. It readily dissolves several of the metals, as silver, 
gold, lead, and tin, and then becomes less fluid, and shows 
more disposition to tarnish by exposure to the air. Nitric 
acid, even when cold, acts upon it with energy ; but none 
of the other acids without the aid of heat. 

Mercury is used in the arts for many important purposes, 
and also in medicine and in the laboratory of the chemist. 

424. Amalgams, — ^The alloys formed by the union of 
mercury with other metals are called amalgams. The me- 
tallic coating upon the backs of mirrors is an amalgam of tin. 

Binary Compounds of Mercury. 

There are two oxides of mercury ; but one only, the per- 
oxide, will require to be here described. 

425. Peroxide of Mercury — Hg02. — ^This is the red prC" 
cipitate used in medicine. It is formed either by heating 
mercury nearly to its boiling point in a vessel to which the 
air has access, or by cautiously heating the nitrate so as to 
expel the nitric acid. It is usually seen in very small, 
shining, crystaline scales, which have a brick-red color. 
Heated to redness, it is decomposed, yielding mercury in 
the gaseous state, and oxygen. 

426. Protochloride of Mercury — HgCl. — ^This compound, 
familiarly known as calomel^ is easily formed by precipi- 
tating a solution of the nitrate of the protoxide by common 
salt, or by subliming a mixture of the bichloride and me- 
tallic mercury. When heated, it is sublimed without 
change. It is usually seen as a white powder, with a slight 
yellowish tinge ; and may always be known by instantly 

424. What are amalgams? What is the silvering upon the 
backs of mirrors composed of? 

426. What is the composition of red precipitate used in medicine ? 
426. What is calomel? 
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turning black as ink, when touched with a drop of aqua 
ammonias, or solution of any caustic alkali. 

427. Bichloride of Mercury — HgCls- — Bichloride of 
mercury, or corrosive sublimate^ is prepared by heiating mer- 
cury in chlorine gas, or by subliming from a mixture of 
bisulphate of mercury and common salt When obtained 
by the 1ast*mode, it is a semi-transparent, colorless mass, of 
a crystaline structure. It is quite soluble in water and 
alcohol, and has an acrid, burning, nauseous taste. When 
heated, it first melts, and then sublimes at a temperature not 
above 600^. It is highly corrosive to the flesh, and taken 
internally, it is a most deadly poison. It is used in medi- 
cine, and in the process of Aijfanmn^ timber (from the name 
of the inventor of the process, Mr. Kyan) for use in ship- 
building, to prevent its rapid decay. The process consists 
merely in soaking the timber for a time in solution of this 
substance, which is believed to have this efiect. 

When the substance has been accidentally swallowed, the 
proper remedy is albumen, in the form of whites of eggs, 
with which corrosive sublimate forms an inert compound. 

428. Sulphurets of Mercury. — ^There are two of these 
compounds, the protosulphuret (HgS), which is black, and 
the bisulphuret (HgS2), or cinnabar^ which is found native. 
It is also formed by art by several different modes, and con- 
stitutes the beautiful red paint called vermlUion, 

429. Iodides of Mercury, — There are two iodides of 
mercury, corresponding in composition with the oxide;?, 
sulphurets, &.c. The biniodide (HgIg) is formed by mixing, 
in proper proportions, solutions of iodide of potassium and 
corrosive sublimate (189). The precipitate, which is of a 

m I ■ ■■ iw ■»■ ■ ■^ ■■ ■ !» 11 _ ■■■■■■ ^ ■ ■ ■ I ■■ I II ^ 

427. What is the systematic name oi corrosive sublimate? What 
are some of its properties? What use is made of it? 

428. What is vermiUvm? 

429. What is said of the iodides of mercury ? 

s 
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beautiful red, when dry may be sublimed and the vapor 
condensed in small yellow crystals, which, by being touched 
with the end of a wire, in a short time change again to red. 

Salts of Mercury, 

430. JVUrates of Mercury, — ^Nitric acid acts readily upon 
mercury, forming the nitrate of the protoxide (HgO,NOj)j 
if the acid has been considerably diluted, and no heat is 
applied ; but strong acid, especially if aided by a slight 
heat, produces nitrate of the peroxide (Hg02,N05). 

431. Sulphates of Mercury. "^Snlphmic acid acts but 
slightly upon mercury when cold ; but if heated, a sulphate 
of either the protoxide or peroxide is formed, according to 
the temperature. If 5 parts of sulphuric acid are boiled 
upon 4 parts of mercury, btsulpHate of the peroxide 
(Hg022S03) is formed; a compound which is used (427) in 
the manufacture of corrosive sublimate. Boiling water 
decomposes this sulphate, forming a yellow subsulphate, 
called turpeth mineral 

SILVER. 

Symbol, Ag (ArgetUum) ; Equivalent^ 108.3^ Density, 10.5. 

432. History. — This metal was known to the ancients. 
It frequently occurs native in silver mines, both massive and 
in octohedral or cubic crystals. It is also found in com-^ 
bination with gold, tellurium, antimony, copper, arsenic, 
and sulphur. In the state of sulphuret, it so frequently 
accompanies galena, the chief ore of lead, that the lead of 

commerce is rarely quite free from traces of silver. 

' - - ■ ^ , ■ ■ , , ^ ■ ^ 

430. How may nitrate of mercury be forrped ? 

431. How is sulphate of mercury procured ? 

432. With what other Bubstancee is silver found combined ? 
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Nearly all the silver obtained from the mines at the 
present time is found native, or is extracted from the sul- 
phuret ; but, according to Thompson, there are no less than 
seventeen species of silver ores. 

433. Preparation, — When silver is contained in small 
particles disseminated through the ore, it is extracted by 
triturating the ore in fine powder with mercury, which dis- 
solves the silver^ and separates it at once from the mass as 
en amalgam. The amalgam being procured, it is subjected 
to pressure in leather bags, by which a portion of the mer- 
cury is separated, and the remainder is expelled by heat. 
Other ores of the metal, as the sulphuret, require to be 
treated difierently. The chloride is easily reduced by the 
action of dilute sulphuric acid and pieces of zinc. The 
reduction is occasioned by the hydrogen that is liberated. 

Silver is purified from small quantities of other metals 
present, except gold, by the process of cupellation. The 
silver, with several times its weight of 
lead, is placed upon a cupel; which is 
nothing more than a lump of bone-earth, 
an inch in diameter, and half that in height, 
* with a small cavity in the upper surface; 
and exposed to a white heat, under a mufile, in a proper 
furnace. The metals are melted together, and the lead 
gradually oxydized and absorbed by the cupel, carrying 
with it any copper or other base metal that may be present, 
leaving the silver quite pure. This is the ordinary mode 
of testing the purity of silver coin and plate. 

434. Properties. — Silver is a soft, white, metal, and is 
very malleable and ductile. It has a brilliant lustre, and is 

433. What is tbe method of reducing silver from its ore when 
the znetal is disseminated in small grains through the ore? How 
may the chloride of silver be reduced ? How is silver purified 
from small quantities of other metals except gold? 

434. What are some of the properties of silver? What use is 




L. 
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susceptible of receiving a very fine polish. It is not acted 
upon by the atmosphere or by moisture, but is readily 
bleached by sulphur. It melts at about 1873°, Fahrenheit. 

Silver is used in every country for many important pur- 
poses — for coin, and for manufacture into various articles 
of utility or ornament ; but to render it more stiff and hanl 
it is always alloyed with a portion of copper. The standard 
of purity for silver coin varies in different countries ; but the 
coin of the United States contains 9 parts of pure silver and 
1 part of copper ; — that is, one-tenth part of the weight of 
the coin is copper. Thus, the dollar weighs 412»5 grains, 
t)f which 41.25 grains is alloy, and 371.25 pure silver. It 
is remarkable that the addition of a large proportion of 
i;opper scarcely produces any change in its brilliant white 
color. 

Silver combines with other metals, forming alloys, which, 
however, possess no particular interest. 

Binary Compounds of Silver, 

435, Protoxide of Silver — AgO. — ^This seems to be the 
only well-determined oxide of silver, although two others 
are mentioned by writers on chemistry. It is thrown down 
as a dark-colored powder, when solution of caustic potash 
is poured into a solution of nitrate of silver. Heated to 
redness, it gives up all. its oxygen, and pure silver is 
obtained. 

436. Chloride of Silver — AgCl. — ^This compound is oc- 
casionally found as .a natural production, and called horn 
silver^ and is easily formed artificially, by pouring solution 

made of it? What is the purity of the silver coin of the United 
States ? What is the weight of the dollar of the United States ? 

435. How is protoxide of silver formed? 

436. What is chloride of silver called when it occurs as a 
natural production ? 
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of common salt into a solution of nitrate of silver. Formed 
by this mode, it is a beautifully white powder, which how- 
ever soon becomes purple in diffused light, or black if ex- 
posed to the direct light of the sun, or if it is warmed before 
a fire. It is insoluble in water, but soluble in ammonia and 
hyposulphurous acid. 

437. Sulphuret of Silver (AgS) is formed by heating 
thin plates of silver in sulphur. It is also found as a natural 
production. 

Salts of Silver. • < 

438. Mtrate of SiZrer— -AgO^NOg.— This is the only 
salt of silver of any practical importance, and is well known 
by the name of lunar caustic. It i^ usually sold in small 
sticks, which are wrapped in pajier, but may also be obtained 
in beautiful white, tabular crystals. The sticks usually 
contain a portion of nitre, which has been melted with it 
when cast in the moulds. Nitrate of silver is formed by 
dissolving silver in nitric acid diluted with twice its weight 
of distilled water. It is the basis of indelible inkj as it is 
called ; but writing done with it may be removed by solu- 
tion of cyanide of potassium. Nitrate of silver is very 
caustic to the flesh, and is used in medicine as a cautery. 
From its solution, metallic copper precipitates the silver as 
a fine powder; by mercury, the silver is thrown down in 
an arborescent form, which has been called the arbor Diana. 

439. Sulphate of Silver (AgO,SOs) may be formed by 
boiling sulphuric acid upon metallic silver. It is a colorless 
salt, slightly soluble in boiling water. 

437, How is sulphuret of silver formed ? 

43S. What is the common name for nitrate of silver ? How is 
it formed ? Of what is it the basis ? What is said of its action 
upon the flesh ? 

439. How may sulphate of silver be formed ? 
24 
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There are other salts of silver, but they possess no spe- 
cial importance. 

GOLD. 

Symbol^ Au (AuruTn)\ Equivalent^ 199.2; Density^ 19.26. 

440. History. — Gold appears to have been known to the 
earliest races of men, and to have been esteemed by them 
as much as by the moderns. It has hitherto been found 
only in the metallic state, either pure or in combination with 
other metals. It is sometimes found in primary mountains, 
♦but mortf frequently in alluvial depositions, especially among 
sand in the beds of rivers, having been washed by water out 
of disintegrated rocks in which it originally existed. 

It occurs in almost every country, but most of it is 
obtained from the mines of South America, Hungary, and 
the Uralian mountains. It is also found in several of the 
United States, particularly in North Carolina, Virginia, and 
Georgia, and in the territory of California. 

As gold exists in its ores in the metallic state, it is 
generally separated from them by the process of amalganaa- 
tion, similar to that already described for obtaining silver, 
by which means it is separated from all other metals except 
silver. To remove this, so much silver must be added to it 
that the gold shall constitute but a fourth of the whole, and 
the mass boiled in nitric acid, which then readily acts upon 
it, dissolving out all the silver, and leaving the gold in a 
state of purity. This process has been called qudrtation^ 
from the circumstance that the proportion of gold, in order 
that the nitric acid shall dissolve out all the silver, must not 
exceed a qtuirter of the whole mass. Other metals, except 
silver, may also be separated from it by cupellation (433). 

440. Has gold beea long known ? In wlrat state only is ic 
found? How is it separated from its ores? How may silver be 
remoTed from gold ? 



GOLD. 279 

441. Properties. — Gold is readily distinguished from all 
other metals by its brilliant yellow color, and by its great 
malleability and ductility. It is capable of being beaten out 
into leaves so thin that light may be transmitted through 
them, which then appears of a greenish yellow color. It is 
not acted upon by air or moisture, though exposed to their 
influence for ages ; nor is it oxydized by being kept in a 
state of fusion for any length of time. When intensely 
heated by the galvanic current, or by means of the com- 
pound blowpipe, it burns with a greenish blue flame, and is 
dissipated in the form of a purple powder, which is sup- 
posed to be an oxide. It is not acted upon by any single 
acid, but is dissolved in aqua regia^ which is a mixture of 
one part of nitric and two parts of hydrochloric acids. It 
fuses at about 20 16^ 

Gold and silver, from the estimation in which they have 
been held, have been long known as the " precious metals ;" 
and- it is usual to estimate their purity in carats. A carat is 
to be understood as ^^^j^th part of the mass ; and a piece of 
gold or silver is 14, 18, or 20 carats fine, when so many 
24ths of the whole are fine metal, the rest being alloy. 
But in the Mint of the United States, their fineness is esti- 
mated in thousandths : thus, gold or silver is said to be of 
the fineness 654, 789, 921, or 994, when so many thou- 
sandths of the whole mass consist of pure metal, the rest 
being alloy. The alloy of silver is always copper, but 
the alloy of gold may be either copper or silver, or a mix- 
ture of the two. Pure gold is so soft that some alloy is 

441. How is gold distinguished from other metals? Is it acted 
upon by air or moisture ? May it be burned by means of the com- 
pound blowpipe? What acid only dissolves it? Why are gold 
and silver called " precious metals ?" How is their fineness usually 
estimated ? How is their fineness estimated at the United States' 
Mint? What is the alloy in the silver and gold coins of this 
country ? What is the object attained by adding this alloy ? What 
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always needed to give it the proper stifTness, and to prevent 
too rapid wearing. In the gold cbins of this country, one- 
tenth part is alloy, which is a mixture of silver and copper. 
The gold eagle of the United States weighs 258 grains, of 
which, of coarse, 25.8 grains are alloy. 

Native gold is almost always alloyed with silver, but the 
proportion of this metal is very variable. 



Binary Compounds of Gold. 

442. Oxides of Gold. — ^There are two, and perhaps three, 
oxides of gold ; but the teroxide ( AUO3) alone possesses any 
special importance. It is of a yellow color when first 
formed, but becomes black when all the water is expelled. 
It is used in coloring porcelain purple. In some cases it 
seems to act the part of a feeble acid, and has been called 
auric acid, 

443. Chlorides of Gold. — There are two chlorides of 
gold; the terchloride (AUCI3), the one usually seen, is 
formed when gold is dissolved in aqua regia, showing that 
the chlorine liberated by the mixture of the acids is the real 
solvent. By evaporating the solution carefully, the chloride 
may be obtained as a^ solid, which is very soluble in water, 
alcohol, and ether. Solution of chloride of gold is very 
easily decomposed by green vitriol, and by organic sub- 
stances. Protochloride of tin forms with it a beautiful pur- 
pie powder, called purple of Cassius, 

There are no well-determined salts of gold. 

is the proportion of alloy in the coins of this country 1 What is 
the weight of the gold eagle of the United States? 

442. What oxides of gold are there? What use is made 6f the 
teroxide of gold ? 

443. How many xihlorides of gold are there? How is purple 
of Cassias formed ? 
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PLATINUM. 

Symholj Pt; Equivalent^ 53.3; Density^ 21.5. 

444. History. — Platinum was first recognized as a dis- 
tinct metal in 1741, but was not described until 1749. It 
has hitherto been obtained chiefly from Brazil, Peru, and 
some other parts of South America, and from the Ural 
Mountains. It occurs only in the metallic state, associated 
with other metals, as gold, silver, lead, palladium, osmium, 
iridium, and rhodium. 

445. Properties, — Platinum is a white metal, much re* 
sembling silver, but of inferior lustre. It is very malleable 
and ductile ; but less so than either gold or silver. It is the 
heaviest substance known to man (except perhaps iridium), 
but is quite soft; and when heated, may be welded like 
iron (359), though not so easily. No single acid attacks 
it, but it is soluble in heated aqua regia. By heated nitre, 
or potassa or soda, it is oxydized. It cannot be melted by 
the most intense heat of the hottest furnace ; but may be 
fused by the compound blowpipe, and the mass, on cooling, 
has a density of about 20. When a large surface of the 
metal is exposed to a mixture of oxygen and hydrogen, it 
has the singular property of causing them to combine, either 
silently or by an explosion. It acts in this way more 
readily when used in the spongy form (217), as precipitated 
from its solution by sal ammoniac. 

If a coil of platinum wire, recently ignited, be suspended 
in a deep glas% containing a little ether at the bottom, it 

444. When was platinum discovered ? What other metals are 
usually associated with it? 

445. Describe some of its properties. Is it attacked by any 
single acid ? What is said of its fusibility ? What is said of its 
action on a mixture of oxygen and hydrogen ? Describe the expe- 
riment with the coil of platinum wire and a vessel of ether. 

24* 
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will instantly become incandescent, and glow with a red 
heat until the ether is entirely dissipated. The same effect 
may be produced by placing a coil of small platinum wire 
over the wick of a spirit-lamp, and after lighting it suddenly 
extinguishing the flame. The wire will continue at a red 
heat until all the alcohol is consumed. Such a lamp 

(called a fiameUss lamp) is represented in 
the accompanying figure. 

Platinum black is metallic platinum in a 
state of very fine division. It is prepared by 
passing a current of electricity through a 
solution of the metal in aqua regia, when it 
is deposited at the negative electrode. It 
acts powerfully upon many mixed gases, causing them to 
unite ; and is used as a coating upon the silver plates of 
Smee's battery (150). 

Platinum is of great importance in the laboratory, and is 
much used in the arts, especially for retorts for condensing 
(252) sulphuric acid. Its present value in the market is a 
little less than half that of gold. 

Binary Compounds of Platinum, 

446. Oxides of Platinum, — ^Platinum forms with oxygen 
two compounds, the protoxide (PtO) and the peroxide 
(PtO,). 

447. Chlorides of Platinum. — ^The protochloride (PtCl) 
is formed by heating the bichloride so as to expel one half 
of its chlorine; and the bichloride (PtClg]^ is always the 

Describe the flameless lamp. What is platinum black ? What 
use is made of this metal? How does its value compare with 
that of gold 1 

446. How many oxides of platinum are there ? 

447. How is the bichloride of platinum formed 1 
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product of the solution of the metal in aqua regia. By 
carefully evaporating this solution, the bichloride is obtained 
in the solid form. Like the terchloride of gold, it is a very 
deliquescent substance, and is soluble in alcohol and ether. 



PALLADIUM, RHODIUM, OSMIUM, IRIDIUM. 

These four rare metals are usually found associated with 
platinum. 

448. Palladium {Symbol^ Pd; Equivalent^ 53.3) is a 
grayish-white metal, very malleable and infusible. Its 
density is about 11.3 ^ and all its properties are such as to 
render it very useful in the arts, if it could be obtained in 
sufficient quantity. 

449. Rhodium {Symholj R; Equivalent^ 52.2) is a 
reddish-white metal, very hard and infusible. Its density 
is about 11. , 

450. Osmium (Symbol^ Os; Equivalent^ 99.7) is a 
white, brittle metal, obtained with difficulty in a coherent 
state. It is distinguished for taking fire readily when 
heated in the form of powder, and forming a volatile poi- 
sonous oxide. 

451. Iridium {Symbol^ h'^ Equivalent^ 98,B) is a pale, 
white metal, and is even less fusible than platinum. It is 
slightly ductile, and very hard. A native alloy of this 
metal and rhodium is used for forming the tips of gold pens. 
Some recent experiments indicate that iridium is a little 
heavier than platinum ; and if this be so, it is entitled to the 
distinction of being considered the heaviest body known. 

What four metals are mentioned as being found associated 
with platinum ? • 

461. Describe iridium. What use is made of the native alloy 
of rhodium and iridium ? What is said of the density of iridium ? 



PART IV. 

ORGANIC CHEMISTRY. 

GENERAL PROPERTIES OF ORGANIC BODIES. 

452. Organic bodies are those which are produced hy 
the union of the elementary substances by means of the 
organs of plants and animals, and of course under the 
influence of the principle of life. They are therefore always 
compound, and difier essentially in many respects from inor- 
ganic bodies. — 1. Their leading elements are oxygen, hy- 
drogen, carbon, and nitrogen, in different proportions, and 
differently united. With these are also occasionally com- 
bined phosphorus, sulphur, lime and iron. 2. An atom, or 
equivalent, usually contains a greater number of simple 
atoms than is found in inorganic bodies. Thus, a single 
atom of albumen contains no less than 883 simple atoms 
(or, according to one author, 1765 atoms) ; and an atom 
of spermaceti, 431 simple atoms ;— numbers to which we 
find no approximation in any inorganic compounds. 3. As 
a necessary consequence of the fact that the essential ele- 
ments of organic bodies are few^'Hhe numerous varieties 
which we have are produced entirely by diflerences in the 
proportions of the ingredients, or diflferences in the mode 

452. What are organic bodies?- Are they always compound? 
What are the leading elements of oiganic bodies ? What other 
substances are occasionally present? What is said of the atoms 
or equivalents of oicganic bodies? What illustration is given? 
How are the numerous varieties of organic bodies produced? 

(884) 
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of their grouping. Thus, sugar, starch, and woody fibrei 
contain precisely the same elements, but there is a slight 
difference in the proportions ; while cyanate of ammonia, 
lind the substance called urea, contain the same elements in 
the same proportion, but differently grouped. 4. Most 
organic bodies, when life is extinct, tend rapidly to decom- 
pose spontaneously. These compounds are formed by the 
influence of the living principle controlling the natural 
affinities of the elements; but when this principle has 
eeased to operate, and the natural affinities are uncontrolled,^ 
these elements show a disposition to rearrange themselves 
in a difierent order. 5. Organic bodies, as a general thing, 
cannot be imitated by art. We know their ingredients, and 
the proportions in which they are united ; but we cannot 
cause the ingredients to combine so as to produce the com- 
pound. In a few instances, organic substances have been 
produced by artificial means, as in the case of urea. 6. Or- 
ganic substances are invariably decomposed by a red heat ; 
and even a much lower temperature oflen occasions essen- 
tia] changes in them. 

453. The elements of organic bodies are united according 
to the laws of definite proportion, just as in inorganic 
chemistry; and the same nomenclature applies to some 
extent, but not universally. The acids, for instance, ob- 
tained from organic substances, usually receive their names 



-*— 



What illustration of this point is given? What cban^ do most 
organic bodies undergo af^r death ? How are organic compounds 
formed ? Why should a rearrangement of the particles be expected 
to tak^ place when the principle of life has become extinct? Can 
organic substances, as a general thing, b^ imitated by art ? Are 
there a few exceptions? How are organic bodies affected by a 
red heat? 

453. Are the elements of organic bodies united according to the 
laws of combination ? Does the nomenclature apply to them in 
full? How are the acids of organic bodies named? Can you 
give an instance ? 
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from the natural productions in which they are chiefly 
formed ; and the same may also be said of the vegetable 
alkalies, and other substances. Thus, citric and malic acids 
are so called, because obtained from the lemon (citron) and 
the apple (malum) respectively. So also the vegetable 
alkali, cinchonia, is obtained from the bark of the cincJunui 
condaminea ; veratria, from the veratrum album^ Slc. 

454. It is exceedingly difficult to fix upon any very 
satisfactory classification of the substances treated of in this 
department of chemistry, owing very probably to the limited 
state of our knowledge. There is indeed a very well 
defined class of acids, consisting of a number of families, 
and also a less definite class of alkalies ; there is likewise a 
class, including starch and sugar, that may be called inter- 
mediate or neutral principles, and another of oils; but 
several of these classes are so related to each other, that we 
can scarcely satisfy ourselves where to ^x the dividing line 
between any two of them. Many substances possess such 
a peculiar combination of properties, that they seem to belong 
about as well to one class as to another. The classification 
adopted in the following pages seems to bring together sub- 
stanqg^ naturally allied as well as any other, and is therefore 
well adapted to the purposes of an elementary course of 
instruction. 

455. Compound Radicals, — Organic bodies, we have 
seen (452)9 are necessarily compound ; though many of 

«t)sem are capable of performing the functions of elements, 
or simple substances, and are therefore properly called com- 
pound radicals. They are often capable of combining with 
the metals, or other elements; or may be substituted in 
compounds for th6 simple elements. Thus, cyanogen 

454. What is said of the difficulty of classifying organic sub- 
stances ? 

455. What are compound radicals? What one is mentioned? 
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(247) (G2N), though a compoand body, combines with the 
metals h'ke oxygen, chlorine, sulphur, Slc, forming cyanides; 
united with oxygen, it forms cyanic acid ; and with hydro- 
gen, it forms hydrocyanic or prussic acid, Slc. Some few 
of these radicals have been obtained in a separate state, as 
cyanogen and aldehyde ; but others can be obtained only in 
combination. This is the case with the radical, benzyle 
(CuHgOs). The composition of oil of bitter almonds is 
C^HgOs ; but if we pass a current of chlorine through it, we 
obtain the compound CuHsOgCl, which is evidently equiva- 
lent to Ci^HsOg — H + CI ; that is, an atom of hydrogen in the 
oil has simply been replaced by an atom of chlorine. By 
other modes of treatment we get the compounds C14H5O2I, 
and C14H5O2S, in both of whiclf the same combination of 
elements (C14H5O2) is seen, combined in the one case with 
an atom of iodine, and in the other with an atom of sulphur. 
This combination of elements (C^HgOa) is called benzyle* 
(from benzoin^ a kind of resin, and ule^ principle) ; and if 
we adopt Bz as its symbol, we may express the above com- 
pounds thus, BzH, Bzl, BzS. They are therefore ^the hy- 
duret, iodide, and sulphuret of benzyle. 

There are many others of these radicals; but it will 
come within the scope of this work to treat of only a few 
of them, which will be described in their proper places. 

456. Chemical Types. — In many organic substances, one 
of the ingredients may often be displaced, and an equal 
number of equivalents of another substituted in its place, 
without an entire change of properties. Thus, acetic acid 
(C4H4O4), when treated with chlorine, loses 3 equivalents 
of hydrogen and gains 3 equivalents of chlorine, forming 

* Sometimes written benzule. 

Have some of tbe^e been obtained in a separate state ? Are there 
others that have not been so obtained ? 

456. May one or more of the ingredients of a compoand oflen 
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ehloroacetic acid (C4HCls04)9 a substance which closely 
resembles the commoa acetic acid ; and alcohol (C^HeOs) 
may have all its oxygen replaced by isulphur, forming 
sulphar-alcohol, the composition of which will of course be 
C4H6S^. Such instances might easily be multiplied; they 
occur in inorganic as well as in organic chemistry, as in the 
case of the alums (344). In some cases, one substitution 
after another may be made, until nearly all the original 
ingredients are removed, and their place supplied by otliers, 
the general character of the compound all the time remain- 
ing essentially the same. All the several compounds so 
formed, in any particular case, are said to belong to the 
same type, 

STARCH, SUGAR, GUM, lilGNINE. 

457. These four organic bodies constitute a natural 
family, possessing this remarkable peculiarity, that each 
member is composed of twelve atoms of carbon, united 
with a certain number of atoms of water, or rather with 
the elements of water, oxygen and hydrogen. In general, 
they are nutritious substances, and do not possess any very 
active chemical affinities. 

STARCH (CiaHioOw). 

458. Starch, or fecula, is obtained from a variety of 
vegetable substances, as the different grains ; anfl from many 
roots, as the potato ; and also sometimes from the stems of 
plants. It is contained in the cavities of vegetable tissues, 

be replaced by another without entirely changing the properties 
of the compound ? 

457. What is said of the composition of starch, sugar, gum, and 
lignine ? 

458. From what is starch obtained ? What is said of the grains 
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In the forai of small white grains, which have a rounded 
outline ; and each grain is inclosed in a delicate envelope, 
that is not acted upon by cold water, but is ruptured by the 
expansion of the inclosed substance, when the water is 
heated nearly to the boiling point. These grains vary in 
size in the starch obtained from different substances ; those 
of the potato being about ^^^th of an inch in diameter, 
while those from wheat do not exceed j^^th of an inch. 
Potatoes afford the purest starch, which is obtained by 
mashing the tuber, and washing the pulp with cold water, 
upon a fine sieve, or inclosed in a linen bag. The grains 
of starch are carried through by the water, which, by stand* 
ing, gradually deposites them as a sediment at the bottom. 
It may be procured from wheat and the other grains in a 
similar manner. There are several varieties of starch, as 
arrow-root^ sago^ and cassava or tapioca ; all of which are 
well known. 

Starch is an insipid, inodorous white solid, quite insoluble 
in cold water, alcohol, or ether, but is dissolved by hot 
water, forming a transparent solution. As usually prepared, 
it is a thick tenacious jelly. When kept for some time at a 
temperature between 300° and 400% starch undergoes a 
peculiar change, and is then very soluble in cold water, and 
is called British gum^ or leiocome. 

459. Iodine answers well as a test for starch, with which 
it forms a beautiful blue compound that is insoluble in 
water. The arrangement of the starch-grains in the potato 
may be shown by making a very thin slice of a tuber, and 
dipping it in a dilute solution of iodine in alcohol, and then 
inspecting it by the compound microscope. To the naked 



of starch? How may the starch be separated from potatoes? 
What are some^of the different varieties of starch? What are 
some of its properties? What is British gum ? 
459. What test of starch is mentioned ? 
25 T 
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eye, the slice will appear of a uoiform purple ; but under 
the microscope, it will be ae^n th^t only the starch-grains 
are colored, which are regularly arranged in the vegetable 
tissue. 

460. Dextrine is a substance formed by. gently heating 
starch in water acidulated with sulphuric acid, or containing 
infusion of malt.*^ It has the same composition as starch, 
but is very soluble in cold water, and is not colored by 
iodine. If the mixture is boiled for some time, grape-sugar 
is formed, of which more will be said hereafler. 

461. Diastase. This is a substance produced in small 
quantity in the process of malting grain, and is found in the 
potato soon after germination commences, in the parts near 
the young germs. It is noted for its specific action upon 
starch, converting it first into dextrine, in the same manner 
(466) as diluted sulphuric acid, and afterwards into grape-, 
sugar. Diastase is known to contain nitrogen, but its com- 
position has not been well determined. 

462. The operation of malting consists in exposing grain 
(usually barley) to the proper degree of heat and moisture, 
with the free accession of atmospheric air to produce inci- 
pient germination, and then suddenly checking it by ele- 
vating the temperature. This is done by £rst soaking the 
grain in water until it is fully swelled, and then placing it 
in heaps upon a floor until it begins to germinate, when the 
further progress of the vegetative process is arrested by 
quickly drying it at a moderately-elevated temperature. 
During the incipient germination, a portion of diastase is 
produced, by which, in the subsequent processes to which 
the grain is subjected, much of the starch of the grain is 

460. What is dextrine? 

461. Wiiat is diastase? What is said of its action upon starch f 

462. In what does the operation of malting grain consist? How 
is it performed ? 
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converted into dex^ioe, or gn^e-augar ; and the grain (now 
called malt) becomes fitted for the U6es to which it is 
applied^ It is chiefly used in the manu&cture of beer. 

SUGARS. 

463. There are several- vaneties of sugar ; but the most 
common are cane-sugar and grapie-sugar, — ^names suggested 
by the substances from which they are usually derived. 
They possess a sweet taste, are very soluble in water, and 
are susceptible of undergoing a peculiar change, to be 
described hereafter, called the vinous fermentation, by which 
alcohol is produced. 

464. Cane-sugar — CaHuOi,. — Cane-sugar is obtained 
chiefly from the juice of the sugar-cane {arundo saccha* 
rifera)j but is procured also in this country in large quanti- 
ties from the sap of the sugar-maple (acer saccharinum)^ 
Many plants contain it in their juices, as the common beet 
and other roots, and the stalks of Indian corn. Their juices 
are evaporated until a dense syrup is obtained, from which 
a large portion of the sugar crystalizes on cooling ; and the 
remaining liquid portion is then drained oflf, and constitutes 
treacle^ or molasses. During the boiling, a little lime-water 
is usually added, to neutralize any free acid that may be 
present. It may be further refined by dissolving and boiling 
with albumen, or by filtering through animal charcoal. 
This constitutes loaf and other kinds of refined sugars. 

465. Pure sugar is a white, inodorous substance, of a 
very agreeable sweet taste, which it imparts to its solutions. 
By slow evaporation, in a very warm room, it is obtained 

.463. What two varieties of sugar are mentioned? What are 
some of the properties of sugar? 

464. From what is cane-sugar obtained ? What is its composi- 
tion? 

465. What are some of the properties of sugar ? What is rock- 
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in large crystals, which are sold as rock-candy. It is very 
soluble in water, but is dissolved only in small quantity in 
alcohol. Its density is 1.56. Heated to nearly 400°, it 
melts and forms a transparent mass on cooling, called barley^ 
sugar^ which however, after a time^ becomes white and 
opaque, and is then found to be a mass of small crystals. 
If still more heated, it gives up two atoms of water, and a 
brown substance is formed called caramel^ which has the 
composition i^nH^Oo^ the efiect of the heat having been to 
expel from the sugar two atoms of water, or its elements. 
This formerly led chemists erroneously to consider C12H9O9 
as the real composition of sugar ; but it is now universally 
believed to be (as stated above) C,|H,iO,i. 

When sugar is digested with the alkalies, and some of the 
alkaline earths and metallic oxidesfit is decomposed into a 
substance having the same composition as caramel and 
«water, the former substance entering into combination with 
the base, whichever it may be that is used. 

466. Grape- Sugar — CiiU^finj or C,2HsO,2 + 2HO.— 
This substance, which much resembles the preceding, has 
for its composition, when crystalized, C12H14O14 ; but by a 
boiling heat, two equivalents of water are expelled. It is 
more generally diffused in nature than cane-sugar, being 
found in the grape and most other sweet fruits. It consti- 
tutes also the solid part of honey. It may be obtained 
from grapes by expressing the juice, and neutralizing the 
free acid with chalk, and then clarifying and crystalizing in 
the same manner as with cane-sugar. 

It may also be prepared from several substances, which 
have nearly the same composition, as starch, gum, and 
woody fibre or lignine; and is occasionally produced in 

candy? What is barley-sugar ? What is caramel? How is sugar 
affected by digestion with the alkalies ? 

466. What is the composition of grape-sugar? From what may 
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the animal system, in certain forms of disease, as diabetes^ 
and is then found in the urine. Grape-sugar is not so easy 
to crystalize as the preceding variety, nor is it as soluble in 
water. Its specific gravity is 1.38. It is sometimes called 
starch-sugar^ diabetic sugar^ and glucose. 

To prepare this sugar from starch, 50 parts of starch, 200 
parts of water, and 1 part of sulphuric acid, are boiled 
together for 36 or 40 hours, care being taken occasionally 
to replace the water that escapes by evaporation. The acid 
is then removed by powdered chalk, and the clear liquid 
evaporated to the consistence of syrup, from which the 
sugar crystalizes on cooling. The same effect is produced 
by an infusion of malt (462). 

Woody fibre also yields grape-sugar by boiling with sul- 
phuric acid. . Twelve parts of fine saw-dust, or of paper, or 
linen rags, are moistened with 5 parts of acid previously 
diluted with 1 part of water, and allowed to cool. Afler 
standing 24 hours, it is mixed with a large quantity of 
water, and boiled 10 or 12 hours, and the acid is then 
removed by chalk, as before ; and the sugar obtained by 
evaporization and crystalization. 

The action of the acid, in both of these cases, has simply 
been to cause the absorption of water, or rather the elements 
of water, by the substances used. Thus, starch, CigHjoOjo-j- 
4HO=C,iH„Oj4, sugar. So woody fibre, C,2H808-|-6HO= 
Ci2H,40i4, sugar, as before. 

467. Sugar of Milk {CuUnfiu^ or CmH,90,9+5HO) is 
obtained by evaporating the whey of milk, and purifying 
with animal charcoal, and crystalizing. It is less soluble 

it b^ obtained? ts it sometime? found in the animal system? 
How may it be prepared from starch, woody-fibre, and other sub- 
stances that have a similar composition ? What appears to be the 
action of the acid in this process ? 
467. How is sugar of milk obtained ? 
25* 
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in water than either of the other varieties, and lesis fl.weet to 
the taste. It is also called lacfine. 

Other varieties of sugar are mushrooni'Sugar^ liqnortee' 
sugar^ and manna'Sugary or mannite ; but they possess little 
importance. 

GUM (CiaHjoOio). 

468. This name is generally applied to those vegetable 
substances which are more or less soluble in water, but are 
insoluble in alcohol. The properties of gum are best 
studied in pure specimens of gum-arabic, of which it is the 
principal ingredient. It is colorless^ transparent, inodorous, 
and insipid; and when dry, it is very brittle, and has a 
vitreous fracture. When put into water, either hot or cold, 
it softens, and then dissolves, constituting mucilage. Its 
solubility is increased both by acids and alkalies. 

The gums exude from the bark of the trees which pro- 
duce them, and are collected in small rounded masses. All 
the varieties may be referred to the two species, gum-arabic 
and gum-tragacanthy the latter of which appears not really 
to dissolve in water, but swells up and forms a thick muci- 
lage. Boiled with dilute sulphuric acid (406), the gums 
are converted into grape-sugar. The mucilage produced by 
digesting Hax-seed, and the seeds of some other plants, 
appears to be essentially the same as gum. 

468. To what substances is the name gum generally applied ? 

*What are some Of the properties of gum? From what are they 

obtained? To what two kinds may all the varieties of gum be 

referred ? How does the composition of gum compare with that 

of sugar ? 
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WOODT FIBRE, OR LIGNINE (CiaHsOg). 

469. This is the basis of wood, and is obtained by 
digesting saw-dust, or linen or cotton rags, successively in 
alcohol, ether, diluted acid, diluted alkaline solution, and 
water, so as to remove every thing that is soluble in these 
substances. By some, lignine is supposed to contain two 
organic principles, one of which has the same composition 
as starch (Cfl|HioO,o)| and is called cellulose. By the action 
of sulphuric acid, iignine is converted first into dextrine, 
and then into sugar, as before explained (466). 

When lignine is kept perfectly dry, or constantly immersed 
in water, it may be prei^rved for any length of time; but 
exposed to air and moisture, it undergoes a slow decay, 
csiWed' eremacausis (from erema^ slow, and kausis^ combus- 
tion), by the absorption of oxygen, and the evolution of 
water or its elements. A variety of other products also 
results, which constitute most of the organic matter of soils, 
as geine^ humus j humic acid^ ulmine and ulmic acid^ and the 
crenic and apocrenic acids. These bodies are not as yet 
very well understood. When lignine is long imbedded in 
the earth, changes take place in it which are not well under- 
stood, and peat and tne different varieties of mineral coal 
are produced. When it is heated for a time in close vessels, 
8o as to expel every volatile product, we have left nearly 
pure carbon (233), in the form of charcoal. 

The mutual relations of starch, sugar, and woody fibre, 
are singular and important. Their composition, we have 
seen, is nearly the same \ and they are convertible into each 

469. What is woody fibre, or lignine? How may it be kept for 
any length of time 1 How is it afTected by exposure to the air and 
moisture ? What important substances are produced from it when 
imbedded deep in the earth ? What is said of the mutual reia^ 
tions of starch, sugar, and woody fibre ? 
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other by easy processes ; indeed, we are able to recognize 
this conversion as really taking place, in certain cases, in the 
natural process of vegetation, as shovsrn in the malting of 
grain (462). The same change, no doubt, takes place in 
the ripening of many fruits, as the apple and pear, which 
are acid until they approach maturity, when they become 
more or less sweet. The sap of the maple and other trees 
contain sugar, which subsequently becomes changed into 
woody fibre, and thus contributes to tlie enlargement of the 
tree. 

470. Xyloidine (C6H404,N06) is produced by the action 
of strong nitric acid upon woody fibre. It may be prepared 
by dipping a piece of paper in nitric acid of specific gravity 
1.5, and immediately washing it ^ith water. It assumes 
the appearance of parchment, and is so combustible that it 
may be used for tinder. It may also be prepared from 
starch. 

471. Gun- Cotton, — This substance is prepared by soaking 
cotton for ten or fifteen minutes in a mixture of equal 
measures of the strongest nitric and sulphuric acids, and im- 
mediately washing thoroughly with water, and drying in 
the open air. For a small experiment, 75 grains of clean, 
dry cotton maybe soaked in a mixture of a measured ounce 
of each of the acids, care being taken to saturate perfectly 
the whole of the cotton with the mixed acids. After stand- 
ing the proper time, as much of the acid is pressed out as 
possible, and then it is to be washed in a large quantity of 
water until all trace of acid is removed, and carefully dried 
in the open air. It is best to dry it without application of 
any artificial heat, in a place where there is a free circulation 
of air, and without placing it in the direct rays of the sun. 

470. How is xyloidine formed ? What are some of its proper- 
ties ? 

471. How is gun-cotton prepared? Does it differ essentially ia 
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When thus prepared, it appears much as before the pro- 
cess, but has a harsh feeling, and the fibres are less tenacious 
than in the original cotton. It also gains considerably in 
weight during the process, so that from 75 grains of cotton 
as much as 115 grains of gun-cotton will often be obtained. 
It takes fire very readily, often at a temperature even below 
212°, especially if the heat is suddenly applied ; and burns 
with an immense volume of flame. Placed on a plate of 
metal, and very gradually heated, it may sometimes be com- 
pletely decomposed, without igniting, leaving behind a 
residue of carbon. When ignited in the open air, it is com- 
pletely consumed, but it does not of itself contain sufiicient 
oxygen entirely to coitsume its carbon and hydrogen ; there- 
fore, when ignited in a confined space, though it explodes 
with violence, some carbon will remain unconsumed. Its 
power to propel balls is much greater than that of the best 
gun-powder, and is rendered still stronger by soaking it in 
a solution of chlorate of potash before drying. The com- 
position of gun-cotton is uncertain ; and diflerent parcels, 
prepared from the same materials, will occasionally exhibit 
singular peculiarities, the most striking of which is its be- 
haikur in regard to sulphuric ether, or rather a mixture of 
sulphuric ether and alcohol, for pure etlier is incapable of 
acting upon it. A parcel of the cotton prepared at one time 
will be found perfectly soluble in common sulphuric ether 
(which always contains a portion of alcohol), but another 
parcel, prepared in the same manner as the first, and from 
the same materials, will be quite^ jnsoluble. This is no 
doubt owing to slight difierences in regard to temperature, 
or some other circumstance attending the preparation, by 

appearance from common cotton ? What is said of its combus- 
tion ? Does it contain in itself suflScient oxygen for its perfect 
combustion? What is said of its power to propel balls as com- 
pared with gun-powder? Is its composition understood? 



298 ALCOHOL. 

which at leaiBt two entirely difierent compoaods are produced. 
It has been obsenred too that the insoluble kind bums 
quicker in the open air, and would probably pro^l a ball 
more violently than the soluble kind. 

The ethereal solution has recently been applied to very 
useful purposes in surgery. 

ALCOHOLS, ETHERS, AND SUBSTANCES 
DERIVED FROM THEM. 

472. The substances to be described under this head, 
though they differ much from each other in many respects, 
form a natural group, as being derived one from another 
almost in a very well connected series. 

WINE ALCOHOL (C4H6O2). 

473. Common or wine alcohol is alwayd produced by 
the fermentation of sugar or starbh ; and the latter substance, 
before the fermentation takes place, it is believed, always 
passes into the form of grape-sugar (466) ; and probably 
this is true also of cane-sugar. This is called the viwus 
fermentation ; and is produced in a solution of suga* or 
meal or starch, moistened more or less with water, and 
kept at a temperature from 70^ to 85°, by the addition of 
yeast, or leaven, or some other active ferment. Instead of 
yeast, which is otaly a portion of decomposing starch or 
sugar, saved from a former operation of thie same kind, 
many other substances will produce the same effect, though 
not as readily ; as blood, or albumferi, or the juice of any 
fruit in a state of incipient decay. The jiiices of maiiy fruits 
contain within themselves the necessary ferment; and when 

473. How U common alcohol produced? How may this fer- 
mentation be produced in solution of sugar, and other substances ? 
May other substances besides yeast be used as ferments ? 



« 
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expressed iirom the pulp, they undergo spontaneously the 
vinous fermentation, as the juices of grapes, apples, cur^ 
rants, &c. 

474. The production of alcohol during the process of 
fermentation is always attended by the continued efferves- 
cence of the liquid, occasioned by the etoape of carbonic 
acid, which is formed at the same time with the alcohol, 
the latter remaining mixed with the water. The production 
of alcohol and carbonic acid from grape-sugar is very 
simple, as each atom of this sugar, deprived of its water 
(466), contains exactly the elements of 2 atoms of alcohol 
and 4 atoms of carbohiic acid. Thus, 

Two atoms of alcohol, 2(0^11,08), = CgHiaO^ 
Four atoms of carbonic, 4(C0a), = C^ O^ 

One atom of sugar (^laHuO^ 

It seems therefore that the change which takes place during 
the fermenting process, resulting in the production of alcohol 
and carbonic acid, consists only in a rearrangement of the 
elements of the sugar, induced by the yeast, but without 
receiving anything from it, or from the air or other source. 
]t would of course be an easy matter to collect the carbonic 
acid which is evolved during the process and ascertain its 
exact quantity ; and th9 ingenious student will find it an 
excellent exercise to devise a mode to accomplish this 
object. 

475. To obtain the alcohol, the solution, after the fer- 
mentation has ceased, is to be distilled, which is readily 
accomplished by any convenient distilling apparatus ; but it 
is to be remembered that the alcohol has been produced 

474. What occasions the effervescence always observed in a 
liquid while fermenting? Into what is sugar converted by the 
fermenting process ? How inay the carbonic acid formed in the 
process be collected? 

475. How is the alcohol that is formed separated fVom the 
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during the fermentation, and that the only object in'distilling 
is to separate it from the water and other substances with 
which it is mixed. 

Alcohol, as thus distilled, always contains a portion of 
water, even after several successive distillations. When 
most highly rectified in this mode, it has a density of about 
.840, and contains about 90 per cent, of pure alcohol, the 
res^ being water. The alcohol or spirits of wine of the 
shops is never so pure as this. To obtain absolute alcohol^ 
or alcohol in a state of purity, common alcohol oi the shops 
is carefully distilled, by the heat of a water-bath, from 
pearlash or chloride of calcium previously dried and mixed 
with it. The water combines with the salt and remains 
behind, while the pure alcohol distils over. 

476. Pure alcohol is a colorless liquid, of a pungent taste 
and odor, and at 60^ has a density of 0.795. It boils at 
172° ; and its vapor is highly inflammable, and burns with 
a pale yellowish flame, without smoke. It has never been 
frozen by any cold yet produced ; but at a temperature of 
— 146°, becomes thick and tenacious, like melted wax. 

Alcohol exists in every kind of spirituous liquors, and 
may be separated from them by distillation. The different 
kinds of brandy, rum, gin, and whiskey, usually contain 
from 45 to 55 per cent, of pure alcohol; the stronger wines 
from 18 to 25 per cent.; and the weaker, not more than 12 
or 15 per cent. In cider, ale, and porter, the quantity 
varies from 4 to 10 per cent. 

Alcohol, in some of its forms, is extensively used in the 
arts and in medicine, chiefly in consequence of its powerful 

water and other substances with which it is mixed ? Can alcohol 
be entirely separated from water by distillation? How is absolute 
alcohol procured ? 

476. What are some of the properties of alcohol ? What is the 
X)roportion of alcohol in some of the varieties of spirituous liquors 
mentioned ? 
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solvent properties. Taken ^internally, it operates, «as is well 
known, as a powerful stimulant ; and various alarming dis- 
eases, often terminating in extreme moral degradation and 
death, attend its habitual use. 

477. Bread, — ^The ordinary mode of bread-making also 
furnishes an instance of the same kind of fermentation. 
The flour is made into a paste with water in which a little 
yeast has been diffused as a ferment ; and the dough is put 
in a place where it will be kept at the proper temperature. 
In a short time the vinous fermentation commences, and the 
gradual liberation of carbonic acid through the mass of 
dough causes it to swell up and become light and porous ; 
and this effect is still further increased by the expanding of 
the gaseous matter diffused through the dough by the heat 
during the process of baking. A small portion of alcohol 
is formed at the same time with the carbonic acid, but it is 
dissipated by the heat of the oven. 

The same thing is sometimes accomplished by the use 
of an acid and the supercarbonate of potash or soda. The 
acid, as the tartaric, or hydrochloric, is first mixed with the 
dough, and then the supercarbonate of soda or potash 
stirred in ; so that a salt is formed by the union of the acid 
sAid alkali, attended by the liberation of carbonic acid 
through the mass of dough, and producing the same effect, 
to render the bread light and porous, as in the former case. 

Products of the Oxydation of Common or Wine Alcohol^ 

and their Derivatives, 

478. Jlldehyde^ C4H4O2. Aldehyde (from alcohol dehy- 
draius^ or dehydrogenaius)^ as will be seen by an inspection 

477. How is flour prepared for bread? What occasions the 
*< rising" of the dough ? By what other means is the same thing 
sometimes accomplished ? 

478. What is aldehyde ? How is the separation of hydrogen 
26 



302 ACSTIC ACID. 

of its formula, is simply alcohol wbicK has lost 2 atoms of 
its hydrogen. The separation of the hydrogen is efiected 
by the action of nitric acid and other highly oxydized 
bodies ; the hydrogen uniting with oxygen and passing off 
as water. Its preparation is not difficult, but somewhat 
complex and tedious. 

Aldehyde is a colorless liquid, of a peculiar, suffocating 
odor ; and at 60°, has a density of about 0.790. It boils 
at the low temperature of 70;° ; and if kept for a short time 
only, spontaneously changes into two. other substances, 
called elaldehyde^ which is liquid ; and mcUddehyde^ which 
is solid. 

One of the most characteristic properties of aldehyde is 
its power of reducing oxide |Of silver. If a smaU quantity 
of any liquid containing it is poured into ammonia-nitrate 
of silver, in a clean glass vessel, and a gentle heat applied, 
the silver will be immediately reduced, forming a brilliant 
coating, like a mirror, upon the inside of the glass. Alde- 
hyde is decomposed by solution of an alkali, and a brown 
resinous substance formed, called aldehyde resin. 

479. Acetic Acid—C^Ufivt or CiHAH- HO.— Acetic acid 
is well known as the acid of vinegar (from the French, vin 
aigrej sour wine), which is a very dilute acetic acid, con- 
taining also much saccharine and mucilaginous matter. It 
is prepared by subjecting liquids containing alcohol, as the 
weaker wines, cider, &c., to the acetic fermentation^ which 
always follows the vinous (473), if the liquid is allowed to 
stand for a time, exposed to the air. The process consists 
in the abstraction of 2 atoms of hydrogen by the oxygen 
of the air, forniing aldehyde, and the subsequent absorp- 

effected ? What are some of its properties ? What characteristic 
property is mentioned? How may silver be precipitated upon 
.the surface of glass by it? 

479. What is vinegar ? How is it prepared ? What is said of 
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tton of 3 additional atoms of oxygen by the aldehyde. 
Thus, 

Alcohol, C.H,0,—2H, = C^,0, (aldehyde); and 
Aldehyde, C,HA+»5, = C^O. (acetic acid). 
The water that is formed by the absorption of oxygen 
remains in combination with the acid. 

The access of almosphenc air ts absolutely essential to 
the formation of vinegar by the ordinary proceaa, aa is well 
Icnown , and its production la much fecili- 
tated by a method invented m Germany. 
A cask, as shown in the figure, is fi 
with wood shavings, and closed at top by |l 
a pan, b, the bottom of which is perforated I 
with many small holes, through which 1 
small threads are passed to conduct the | 
liquid downward. The shavings being first 
■well soaked in vinegar, are placed lightly ii 
below them ere several small holes, ce, about half ai 
in diameter, to admit the free accession of air. I 
proof spirit, diluted with four times its weight of water, and 
having mixed witii it a very little honey or yeast, is poured 
into the pan above, it gradually trickles down upon the 
shavings, where, a. large surface being exposed to the atmo- 
sphere, rapid absorption of oxygen takes place, the tempera- 
ture is raised, and acetic acid is rapidly formed. As the 
liquid passes down, it is collected in the vessel a ; and when 
passed through three or four times, which requires but about 
36 hours, it is converted into excellent vinegar. 

Acetic acid cannot be separated from water by mere dis- 
tillation, as both liquids distil over together ; but the pure 
acid is obtained by distilling some acetate, as acetate of 

the aoetio rermentation 1 Describe the changes iIjbI lake place in 
lliis retmentalion. Desctibe the mode of pro<1ucinR vinegar prac- 
tised in Gerrnany. Haw is pure acetic acid procured ! 
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soda or lime, with a proper quantity of sDlphuric acid, and 
collecting the product in a cold receiver. 

480. Wood'vinegar^ or pyroligneous acid^ is obtained by 
distilling wood in close vessels. It is a very impure acetic 
acid, having a disagreeable smoky odor, and containing 
empyreumatic oils and other substances derived from the 
wood. It is much used in calico-printing; and often the 
cloths, not having been properly cleansed, possess its dis- 
gusting odor. By neutralizing it with lime, and distUling 
with sulphuric acid, pure acetic acid is obtained. 

Pure acetic acid, at 63°, is a colorless liquid, of a pungent 
refreshing odor, and excessively sour to the taste. Applied 
to the skin for a time, it produces blisters. It boils at 248° ; 
and cooled below 63°, it may be obtained in crystals. At 
63°, the density of the liquid is 1.06. It mixes readily with 
water, ether, or alcohol, 

481. Acetdl (CgHgOg) contains the elements of one atom 
of aldehyde and one of ether (soon to be described) ; and 
is formed by the action of moistened platinum block (445) 
upon a mixture of vapor of alcohol and oxygen, in a large 
bell-glass. It is a colorless liquid, which boils at about 
203°, and has a density of about 0.825. 



SaUs of Acetic Acid. 

» 

482. Acetic acid combines with most bases, forming sai. 
called acetates. In combination, its composition is C4H3O3 ; 
from which it appears that in the process of combining, one 
atom of water, — or the elements of water, — is given up. 

480. What is wood-vinegar or pyroligneous acid ? What use is 
made of it? What are some of the properties of pure acetic acid? 

481. How is acetal formed? 

482. What change takes place in this acid as it enters into com- 
bination with bases ? 
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A few only of the more importaat acetates will be here 
noticed. ^ 

483. JlcetaU of Lead — PbO,C4Ha08. — ^This is -the sugar 
of lead of commerce. It is foi;med by dissolving oxide of 
lead (litharge) in acetic acid. When crystalized, it contains 
3 atoms of water. It is soluble in pure water, and has a 
sweet, astringent taste. Taken internally, it is poisonous ; 
but is used in various preparations in medicine. 

Besides the above, there are several other acetates of lead, 
as the sesquibasic, tribasic, and sexbasic, which are formed 
by the union of additional portions of oxide of lead with the 
above neutral acetate. 

484. Acetate of Copper^^QyxOf^fljd^, — Acetate of cop- 
per is obtained by dissolving oxide of copper in the pure 
acid. It forms fine green crystals, which contain one atom 
of water, and is sometimes called distilled verdigris. There 
are also a sesquiacetate and a tribasic acetate of copper ; and 
the verdigris of commerce^ used as a paint, appears to be a 
mixture of the two. It is prepared in large quantities in the 
south of France, by covering copper with the refuse of 
grapes, after the juice has been extracted for making wine : 
the saccharine matter contained in the husks furnishes 
acetic acid by fermentation, and in four or six weeks the 
plates acquire a coating of the acetate. A purer and better 
article is prepared by covering copper plates with cloth 
soaked in pyroligneous acid« ^ 

485. Acetate of Alumina is prepared by decomposing 
solution of sugar of lead by one of alum. It is used in 
dyeing. Acetates of potash and soda are readily obtained 
by dissolving the carbonates of these bases in the diluted 

483. What is sugar of lead ? How is it formed ? 

484. How is acetate of copper formed ? W^at is the commoa 
name by which it is known ? 

485. What use is made of acetate of alumina ? 
||6- 
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acid. Acetate of iron is fonned by digesting iroo'-filings ia 
the acid, or decomposing green vitriol by acetate of lead. 
Other acetates may be procured by similar modes. ^ 

Derivatives of Acetic Acid and the Acetates, 

486. Chlor acetic .^dd-— C4HO4CI8. — ^This acid is formed 
from acetic acid, by the abstraction of 3 atoms of its hydro- 
gen and the substitution of 3 atoms of chlorine. It is pre- 
pared by placing some crystals of acetic acid under a large 
bell-glass filled with chlorine, and exposing it to the direct 
rays of the sun. It is crystalizable, and in most of its pro- 
perties resembles acetic acid. It boils at about 200^. 

487. Acetone — C3H3O. — Acetone, or pyroacetic spirit^ is 
a limpid liquid, obtained by passing vapor of acetic acid 
through a red-hot tube, or by distilling dry sugar of lead, 
and condensing the product in a cool receiver. Much un- 
condensible, gaseous matter passes over at the same time, 
which is allowed to escape. It Has a density of 0.792^ and 
boils at 132^ 

488. Alcarsine (C4HeAsO) is a substance obtained by dis- 
tilling a mixture of equal parts of acetate of potash and 
arsenious acid, and sometimes called Cadef^s fuming liquor. 
When, pure, it is a colorless liquid, which boils at about 
300°, and has a density of 1.46. It is corrosive to the flesh 
and poisonous ; and is capable of uniting with the acids, 
like the vegetable alkalies, forming salts. 

489. Alcarsine is the oxide of a principle (C4HeAs) which 
has received the name of kakodyle (kakos^ evil, and ule^ 
principle), and which may be obtained in a separate state 

486. What is the composition of chloracetic acid 1 

487. What is acetonet? What are some of its properties? 

488. What is alcarsine ? What are some of its properties? 

489. Of what is alcarsine the oxide 1 What is chloraxsine? 

I 



METHYLIC ALCOHOL. 307 

as a colorless liquid. It furaes in the open air and takes 
fire spontaneously, and is exceedingly poisonous. 

By digesting alcarsine in hydrochloric acid, the com- 
pound, C4H«AsCl, is obtained, in which it is evident chlorine 
replaces the oxygen of the alcarsine. It is a poisonous 
liquid, and has been called chlorarsine^ and chloride of 
kakodyle. In the same manner, iodine, sulphur, and 
cyanogen, may be made to unite with this substance, which 
evidently serves as a distinct compound radical. 

By the gradual oxydation of kakodyle or alcarsine, the 
tritoxide of kakodyle (C4H6ASO3) is formed, which has been 
called alcargetif and kakodylic acid, 

METHTLJC ALCOHOL, OR WOOD-SPIRIT (C2H40a). 

490. This substance is obtained by distilling wood in 
close vessels, and is collected with the pyroligneous acid 
heretofore described (480). By neutralizing the crude acid 
with lime, and re-distilling, the spirit passes over, which 
however is still impure, and requires to be several times 
rectified. It is called, in commerce, pyroxylic spirit (from 
pur^ fire, and xulon^ wood) ; but from its resemblance to 
common alcohol it is more properly designated by the name 
used above, methylic alcohol (from metku^ wine, and xuZon, 
wood). 

Methylic alcohol is a colorless liquid, with an odor and 
taste resembling those of common alcohol. It has a density 
of 0.798, and boils at 152° ; and burns freely in a lamp. 

490. From what is methylic alcohol or wood-spirit obtained? 
What is the derivation of the name ? What are some of its pro- 
perties ? 
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Products of the Oxydation qfMethylic Alcohol, 

491. Formic w3cid— C2H2O4. — This acid was first obtained 
by distillation from the bodies of red ants (formica rufd) ; 
and hence its name. Its relation to methylic alcohol is the 
same as that of acetic acid to common alcohol. It may be 
obtained by exposing the vapor of wood-spirit, mixed with 
«ir, to the action of platinum black (445), under a receiver; 
water and formic acid being produced at the same time. 
Two atoms of oxygen combine with 2 atoms of the hydro- 
:gen of the spirit, forming. 2 atoms of water; and then 2 
Atoms more of oxygen unite with the residue to form the 
«cid. Thus, wood-spirit, CaH^Og 4 02= CiUjOg + 2H0 ; and 
€2HA+20=C8Ha04 (formic acid). 

492. Formic acid may also be produced by distilling a 
mixture of sugar, bichromate of potash, and oil of vitriol ; 
but to obtain it pure, the process is tedious. It is a clear 
liquid, of specific gravity 1.24; has a strong acid taste and 
odor, and quickly produces blisters upon the skin. It boils 
•at 212°, and crystalizes at 32°. When this acid combines 
with bases, like acetic acid, it gives up the elements of- an 
atom of water ; and is therefore by many considered as a 
hydrate, and its formula written CgHOg+HO. 

Formic acid combines with many of the bases, forming 
salts which closely resemble the acetates. 

493. Methylal — ^C6H904. — This substance is procured by 
distilling a mixture, in proper proportion, of methylic 
alcohol, dilute oil of vitriol, and peroxide of manganese, and 
purifying the product. It is a colorless liquid, of an agree- 

491. Why has formic acid received this name? How may it be 
obtained ? What are the chemical changes that take place in the 
process ? 

492. How may it be formed from sugar 1 What are some of its 
properties 1 

493. How is methylal procured? 
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able aromatic odor, and burns witb a yellow flame. It has 
a density of 0.85, anS boils at 108^. « 

Other Derivatives of Methylic Alcohol, 

494. Chloroform — C2HCI3. — Chloroform is prepared by 
distilling a mixture of solution of common bleaching-salt 
(837) ^and common alcohol, or wood-spirit. It may also 
be formed by several other modes. Chloroform is a dense, 
oily liquid, of an agreeable ethereal odor, and sweetish taste. 
It is not dissolved by water, but mixes readily with alcohol. 
Its 'density is 1.48, and it boils at about 141°. By breathing 
its vapor mixed Vith atmospheric air, a kind of intoxication 
is produced, much like that occasioned by exhilarating gas, 
or the vapor of sulphuric ether. 

By alcoholic solution of potash, chloroform is changed 
into formiate of potash and chloride of potassium. It was 
this circumstance that suggested the name chloroform. 

495. Iodoform (C2HI3) and hromoform (CgHBrg) are 
analogous compounds, containing iodine and bromine. 

AMTLIC ALCOHOL (C10H12O2). 

496. Amylic alcohol is a peculiar oily substance, which 
is collected in the process of distilling spirit from potatoes. 
It is supposed to be formed from the starch (amylunC) of the 
potatoes, and hence its name. It is also called potato-oil^ 
and fusel oil. It is a colorless liquid, insoluble in water ; 
and of a pungent suffocating odor, and burning taste. It 
boils at 269^, and has a density of 0.82. 

494. How is chloroform prepared ? Describe it. What effect 
is produced by breathing its vapor? 

495. What is iodoform 1 

490. What is amylic alcohol ? By whaX other names is it 
known ? Describe it. 
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Product of the Oxydation of Amylic Mcokol, 

497. Valerianic Add — C10H10O4.— This acid is contained 
in the valerian root {valeriaim officinalis)^ which is exten- 
sively used in medicine, and is obtained by distilling the 
root with water. It is also formed artificially by dropping 
warm potato- oil upon platinum black in contact with atmo- 
spheric air, and by other modes. During the process, much 
oxygen is absorbed, and the water and the acid in ques- 
tion produced. Thus,C,oH,A+20=CioH,o02-f5HO; and 
C,oH„02+20=C,oH,o04. 

498. Pure valerianic acid is a colorless, oily liquid, of 
specific gravity 0.935. Its taste is pungent and acid, and 
its odor like that of valerian. Its boiling point is 347°. 

Valerianic acid, in this group, corresponds to acetic acid 
in the common alcohol group, and to formic acid in the 
methylic alcohol group. It combines with bases, forming 
salts ii\ many respects similar to the acetates and formates' 
When it enters into combination, it gives up the elements 
of one equivalent of water, precisely like the acetic and 
formic acids. 



SULPHUR ALCOHOL, OR MERCAPTAN (C4H6SJ), 

499. This substance has the same composition as com- 
mon alcohol (€411602), except that the two atoms of oxygen 
are replaced by two atoms of sulphur. The other alcohols 
are all distinguished by containing two atoms of oxygen 

497. In what is valerianic acid found ? How may it be fdrmed 
artificially ? 

498. Describe it. What is the relation of valerianic acid in this 
group as compared with oiher groups? 

499. What is said* of the composition of sulphur alcohol? How 
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united with carbon and hydrogen ; — and the hydrogen also 
exceeds the carbon by two atoms. 

Mercaptan is formed by saturating a solution of caustic 
potash, of density 1.3, with sulphuretted hydrogen, ana 
distilling it with an equal measure of sulphovinate of lime 
(a substance to be hereafter described) of the same density. 
It is a colorless liquid, which has a specific gravity of about 
0.84, and boils at 97°. Its odor resembles that of onions. 
It is distinguished for its strong affinity for mercury, with 
which it forms a solid compound. It is from this circum- 
stance it derives ^he name, mercaptan (mercurium captans)^ 
by which it is more generally known. The mercury, in 
the compound, takes the place of one equivalent of the 
hydrogen, so that its composition is C4H5HgS2. 



ETHERS, 

500. We designate by this name quite a numerous class 
of very volatile liquids, which are formed, in most cases, 
by distilling a mixture of alcohol with some acid, as the 
sulphuric, nitric, acetic, &c. The name was suggested by 
their volatility, which seems to be an essential characteristic ; 
but they differ from each other very materially in their 
composition, some of them being entirely destitute of acid, 
and others being of the nature of salts, and of course con- 
taining a portion of acid as an essential ingredient. Whether 
containing acid or not, an ether is usually named from the 
acid made use of in forming it. 

are all the other alcohols distinguished ? By what other name is 
this, substance known? How is it formed? Describe it. Why 
has it been called mercaptan ? 

500. What is said of the ethers? What property have they 
which has suggested the name ? What is said of their compo- 
sitions? 
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Ethers derived from Common Mcohol. 

501. Sulphuric Ether — C4H6O. — Sulphuric ether may be 
formed by several modes ; but the best is to distil a mixture 
of equal parts of alcohol and strong sulphuric acid in a glass 
retort, the process being discontinued as soon as the mixture 
begins to turn black. For a small experiment, the distilling 
apparatus figured on page 49 will answer; but if a large 
quantity is to be prepared, a more powerful still is required. 
The product should be washed with water, to separate a 
little alcohol and sulphurous acid that usually pass over 
with the ether. This is done by filling a bottle about half 
full with the impure ether, and then pouring in about half 
as much water, and shaking them well together. After 
standing a few minutes, the liquids separate, and the water 
may be drawn off by perforating the cork and inverting the 
bottle, taking care to notice when the water has all escaped. 

502. Pure sulphuric ether is a colorless liquid, of a hot, 
pungent taste, and fragrant odor. At the temperature of 
60°, its density is 0.72, and it boils at 96° or 98'' in the 
atmosphere, or at about 40° below zero in a vacuum. In 
the open air, it evaporates with great rapidity, producing 

intense cold, so that water may easily be frozen 
(94) by it. With atmospheric air, its vapor 
forms an explosive mixture; and a coil of 
platinum wire, heated and suspended in a deep 
yessel containing a little of it, instantly begins 
to glow with a red heat, and continues in this 
state until the ether has all evaporated. It is 
very combustible, and burns with a yellow 

501. What is tho mode described for forming sulphuric ether ? 
Why is it necessary to wash the ether after it is formed % 

d02. Describe snlphnrio ether. Describe the experiment with a 
coil of platinum wire. 
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flame. Exposed to the light, in vessels partly filled with 
air, it gradually absorbs oxygen, with the formation of acetic 
acid. The solvent powers of ether are not as extensive as 
those of alcohol, but it dissolves the essential oils, resins, 
and many of the fatty principles. 

503. When the vapor of ether is inhaled, it first produces 
a species of intoxication, similar to tliat occasioned by 
exhilarating gas (225); and afterwards a kind of stupor fol- 
lows, during which the person is nearly insensible to pain ; 
and difficult surgical operations may often be performed 
upon a person under its influence, not only without pain, 
but even without his knowledge. When used for this pur- 
pose, it has been called lethean. 

By the formula of this substance (C4H5O), it will be 
observed that it contains no acid, but it is called sulphuric 
ether merely from the fact that sulphuric acid is used in 
preparing it. Often the prefix, sulphuric, is omitted ; and 
the word ether, when used alone, is always to be under- 
stood as referring to this liquid. 

604. Theory of the Formation of Ether. Sulphovinic 
Acid. — By comparing the formula of alcohol. (C4H602= 
C4H6O4-HO) with that of ether (C4H5O), it will be seen 
that, the former substance may be considered as a hydrate 
of the latter ; and the effect of the acid upon the alcohol in 
producing ether is simply to abstract from it one equivalent 
of water, or its elements. But although this is the final 
result, various other intermediate chemical changes take 
place. 

When equal parts of sulphuric acid and alcohol are mixed 



503. What is the effect produced by inhaling ether? What is 
it called when used for this purpose? Does this ether contain any 
acid? Why then is it called sulphuric ether ? 

504. What is the change produced by the acid upon the alcohol 
in converting it into ether ? Do other intermediate changes take 

27 
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and heated slightly, the compound, bisulphate of ether is 
formed (C4H50,^S03,2HO), which is called the sttlphovimc 
acid ; and, by a complicated process, it may be obtained in 
a free state, as a syrupy liquid. It is capable of combining 
with bases to form salts. Heated to the boiling point, this 
acid is decomposed, and the ether distils over as before 
explained, while the acid and water remain behind. By 
using alcohol of proper strength, and regulating the tem- 
perature very accurately, at a little below 300°, both the 
ether and the water which are formed may be made to distil 
over together ; and thus a small quantity of acid will suffice 
to decompose a large quantity of alcohol. Phosphoric and 
arsenic acids act upon alcohol in the same manner, pro- 
ducing phosphovinic and arsenovinie acids. 

Acids of this kind are sometimes called coupled acidsj as 
they consist of a common acid coupled or united with 
another substance. They always possess the* same neu- 
tralizing power as the acid from which they are formed. 
The sulphovinic acid, for instance, will neutralize just the 
same quantity of soda or other base as the sulphuric acid 
contained in it would neutralize. 

Neutralized with bases, sulphovinic acid produces salts, 
called sulphovinates, several of which may be crystalized. 
Sulphovinate of lime is used in preparing sulphur alcohol. 

505. Hydrochloric Ether — C4H5CI. — This ether is pre- 
pared by saturating' alcohol with hydrochloric acid gas, and 
distilling with a very moderate heat, in an apparatus so 
contrived that, the vapor is conveyed through warm water 
to a very cold receiver. It is a colorless liquid, which boils 



place in it? What is sulphovinic acid? May it be obtained in a 
free state ? When this acid is heated to the boiling point, what is 
the effect produced ? May other acids of a similar character ba 
formed ? What are they called ? 

505* How is hydrochloric ether prepared ? Describe it. 
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at the low temperature of 62^^ and has a denidty of 0.87. 
By its formula it will be seen that its composition is the 
same as that of sulphuric ether, except that the oxygen of 
the latter substance is replaced by chlorine. Bromine and 
iodine form similar ethers. 

506. Hyponitrous Ether— C4BsO^NOay or C4H5NO4.— 
This ether may be formed by 4he direct action of nitric acid 
upon alcohol ; but a better mode is to pass a current of 
nitrous acid vapor (obtained by the action of nitric acid 
upon starch) through dilute alcohol. Heat is generated. by 
the process, and the vapor is condensed in a cold receiver. 
Hyponitrous ether is a liquid of a pale yellow color, and 
fragrant odpr; its density is about 0.948, and it boils at 
62^. In a pure state it cannot be kept long; but mixed 
with alcohol it is more permanent, and is extensively used 
in medicine, under the name ofstoeet spirits of nitre, 

507. Mtric Ether— CJifi^NO^^ or C4H5NO6.— Nitric 
ether is formed by distilling equal parts of nitric acid and 
alcohol with a few grains of nitrate of urea. It is a color- 
less liquid, of a sweet taste, and is heavier than water. It 
boils at 185° ; and its vapor explodes by heat. 

508. Jlcetix) EtJier — C^sO^i or C^HjOjQHaOa. — This 
ether may be formed by different modes; but it is best 
obtained by distilling a mixture of 3 parts of acetate of 
potash, 3 of absolute alcohol, and 2 of sulphuric acid. 
Acetic ether is a volatile liquid, of a fragrant odor, like that 
of strong vinegar. It boils at 165°, and has a density of 
about 0.89. 

609. Oxalic ether (Ct^Oi=^C4HfifiJ03) is prepared by 
distilling a mixture of 4 parts of binoxalate of potash, 5 

506. How is hyponitrous ether formed 1 What is it sometimes 
calledl 

507. What is the composition of nitric ether? 

508. How is acetic ether formed ? 
. 509. How is oxalic ether formed ? 
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parte of sulphuric acid, and 4 of strong alcohol, and tho- 
roughly washing the product with water. It is a volatile 
liquid, which has an aromatic odor, and is a little heavier 
than water. 

As before intimated (500), the last three or four ethers 
have the composition of salts ; that is, they are each com- 
posed of ah acid united with sulphuric ether (C4HgO), which 
serves as a base. They however difier essentially from 
saline compounds, as the acid in them cannot be detected 
by the ordinary tests. The same is true of the coupled 
acids, shortly to be described. Thus, oxalic ether is a 
compound of sulphuric ether (C4HgO) and oxalic acid 
(C2O,) *, but lime, which separates oxalic acid from its saline 
compounds, forming oxalate of lime, will not separate this 
acid from oxaUc ether. 

There are several other ethers belonging to this class, as 
the carbonic, formic, oenanthic, 8ic. ; but the limits prescribed 
to this work do not allow their introduction here. 

Ekhers derived from Methylic Alcohol, 



510. Meihylic Ether^Wood-Ether, GsH,0.— This ether 
is formed from methylic alcohol (490), in the same manner 
as sulphuric ether is prepared from common alcohol, by 
distilling methylic alcohol with 4 times its weight of sul- 
phuric acid. It is a colorless gas, of a pungent odor and 
taste, and is rapidly absorbed by cold water, but given off 
again* unchanged by boiling. It is chiefly interesting as 
taking the place, in this series, which sulphuric ether occu- 
pies in the common alcohol series. By using 8 or 10 parts 
of sulphuric acid * to 1 of wood-spirit, a liquid ether is 
obtained (C2H30,SOs) which has no corresponding com- 
pound in the common alcohol series. 

510. What is methylic ether ? 
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611. Hydrochloric Methylic Ikher — QH,C1. — ^This com- 
pound is formed by distilling a mixture of common salt, 
wood- spirit, and oil of vitriol. It is a colorless gas, of a 
peculiar odor, and correspohds to the ether of- similar name 
(505) in the common alcohol series. 

512. J>/itric Methylic Ether (CsH80,N06) corresponds to 
the ether of similar name in the common alcohol series. It 
is formed by distilling a mixture of wood-spirit, nitrate of 
potash, and sulphuric acid. It is a dense, colorless liquid, 
which boils at about 150^. 

In like manner oxalic acid forms oxalic methylic ether 
(QHaOjCjOs). It is prepared by distilling^ wood-spirit, 
oxalic acid, and oil of vitriol. It may be obtained in white 
crystals, which become liquid at about 124'^, and the liquid 
boils at 322''. 



Ethers derived from Amylic Alcohol. 

513. A very close analogy exists between common alcohol 
and amylic alcohol, as well as their corresponding com- 
pounds and derivatives ; but the proper amylic ether, sup- 
plying the place of sulphuric etjier in the common alcohol 
series, has not ,yet been described, though it is believed it 

has been obtained. '•''. 

514. Hydrochloric Amylic Ether — CioH„Cl. — ^This ether 
is obtained by distilling equal parts of perchloride of phos- 
phorus and amylic alcohol, and purifying the product. It 
is a liquid, which boils at 215'', and has an agreeable aro- 
matic odor. 

> 

511. What is hydrochloric methylic ether? 

512. How is nitric methylic ether formed? 

513. What is said of the analogy between common alcohol and 
amylic alcohol? ^ . 

514. What is the composition of hydrochloric amylic ether? x 
27* 
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615. Jieetie Amylie Ether'-Ctfiifli^ or CioHnOAHsOs. 
— This ether, which is a colorless liquid, boiling at '257^, 
may be procured by distilling a mixture of acetate of potash, 
amylie alcohol, and sulphuric add. 

EelatUm of the Preceding Compounds on the Compound 

Radical Theory. 

516. A compound radical, as we have heretofore (455) 
seen, is a compound substance, which is capable, in many 
cases, of performing the office of an element^ or proper 
radical. That there are such compoun'ds, is very certain, 
a few (and only a few) having been procured in a separate 
state ; but if we assume the existence of others in com- 
bination, which may perhaps never be found capable of 
isolation, we are oAen able to group together numerous 
compounds, as having a very simple relationship, which 
otherwise appear to be entirely isolated from each other. 

Thus, ethyle (from eiher^ and «Ze, principle) is a name 
•applied to the ideal compound C^H^^ which is supposed to 
serve as the base or radical of a long series of compounds, 
many of which have been described in the preceding pages. 
Their relation to each other, on this hypothesis, will be 
seen by the following table : 

Ethyle C^H, 

Oxide of ethyle (ether) C^H^O 

Hydrate of oxide of ethyle (alcohol) . . . C^H,0, =C4H,0+H0 
Chloride of ethyle (hydrochloric ether) . .' C^HgCl 
Bromide of ethyle (hydrobromic ether). C^H^B 
Hyponitrite of oxide of ethyle (hyponi- 

ttous ether) C,H,NO,=CAO+ NO, 

Nitrate of oxide of ethyle (nitric ether). . C4H,N0e= 0^11,0+ NO, 
Acetate of oxide of ethyle (acetic ether) CaHgO^ =C4H,0,C4H,0, 

515. State the method of preparing acetic amylie ether. 

516. What is a compound radical ? Have any of these been 
obtained in a separate state ? 
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The list migrht be extended much, further ; — and this view 

« 

of the relation of the substances included jn the series gives 
to it a singular simplicity, which however, unfortunately, is 
its chief recommendation. 

A second series may be formed of the derivatives of com* 
mon alcohol by assuming the compound C4H3 (called 
acetyle) as a radical or basis. We then have the following: 

Acetyle C^H, 

Ojcide of acetyle (unknown) C4HSO 

Hydrated oxide of acetyle (aldehyde) CJIfli=^^4^fiJiO 

Acetous acid— Aldehydic acid C4H40,=C4H802,HO 

Acetic acid €411404= C^H,0g,H6 

Methylic alcohol, in like manner, affords a series of com- 
pounds similar to the first of the foregoing. Methyle, the 
radical, like ethyle and acetyle, is an ideal substance^ 
having never been obtained in a separate state. 

Methyle C,H, 

Oxide of methyle (methylic ether). . . . CjHjO 
Hydrated oxide (methylic alcohol) .... Cj,H40a=C^,0,H0 • 
Chloride of methyle (hydrochloric me- 
thylic ether) CJSfil 

Nitric methylic ether CJdfi,^0^ 

The following series is derived from amylic alcohol. 
The supposed radical of the series is amyle (Ci(,H„), whitfh 
has not been obtained in a separate state. 

Amyle C^Hn 

Oxide of amyle (unknown) ^wl^iiO 

Hydrated oxide of amyle (amylic alcohol) C,5HiaOj=C„HuO,HO 
Hydrochloric amylic ether CjoHiiCl 



n 
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OIL OF BITTER ALMONDS,* AND SUB- 
STANCES DERIVED FROM IT. 

617. Oit of BUter ^/»u»ki«— CmHA-— This volatile oil 
is obtained from the kernels of bitter almonds by distillation 
with water after the fixed oil contained in the seed has been 
expressed. Its density is a little above that of water, and it 
boils at 356^. It is quite colorless, and has a pungent taste 
and fragrant odor, and is poisonous. It is a very interesting 
substance, from the fact that from it a long series of other 
compounds is derived, amounting to thirty or more in 
number. A very few only will be noticed. 

518. Benzoic ^cid — C,4H«04. — ^This acid, which is a 
white crystaline solid, is rapidly formed from bitter almond 
oil when it is exposed to the air, by the absorption of oxy- 
gen ; and may also be obtained by sublimation from gum* 
benzoin^ and by other processes. Exposed to a heat of 
212^, the crystals melt, and the liquid so produced boils at 
462^. The sublimation of this acid may be beautifully 

shown by putting a small quantity of it upon a 
plate of metal on a stand and placing over it a 
glass receiver, having suspended in it a small twig 
of mint or other substance, as shown in the figure, 
and applying the heat of a lamp beneath it. In a 
short time the leaves will be covered with delicate 
crystals of the acid. 
Benzoic acid combines with numerous bases, forming 
salts, which are called benzoates, 

519. Hippuric Acid — CigHsNOe. — This acid is formed in 
the urine of certain herbiverous animals, and in that of 

517. How is the oil of bitter almonds extracted 7 Describe its 
properties. 

518. How is benzoic acid formed ? Fro'kn what gum may it be 
obtained ? How may the sublimation of this acid be shown 7 

519. How is hippuric acid formed 7 
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man, especially after benzoic acid has been taken into the 
stomach, but it has not been formed artificially. It is a 
crystaline solid. By boiling it with oil of vitriol, it is 
decomposed, and benzoic acid is produced. 

520. Chloride of Benzyk — CwHsOaCl. — ^This substance 
is obtained by passing a current of dry chlorine through oil 
of biuer almonds, and expelling the excess of chlorine by 
heat. It is a colorless liquid, heavier than water, and has a 
peculiar, disagreeable odor. It is. formed from the oil by 
the substitution of an atom of chlorine for one of hydrogen. 
Iodine and bromine form similar compounds. 

521. Bemoine — ^C,4He02, or C28U12O4. — This compound, 
it will be perceived, has the same composition as the oil of 
bitter«almonds, and is therefore said to be isomeric (200) 
with it. It is a crystaline solid, and is formed from the oil 
by the action of caustic potash. By passing its vapor 
through a red-hot tube, the oil is reproduced. 

Those who adopt the compound radical theory, consider 
these substances, and the others derived from bitter-almond 
oil, as compounds of an ideal radical (CnHgOg) called ben^ 
zyle^ of which the oil itself (CuHeO^) is a hyduret, benzoic 
acid (CKH604=CMHA+0-f HO) the hydrated oxide, &c. 

Benzamide, hydrobenzamide, sulphobenzide, nitrobenzide, 
sulphobenzoic acid, benzene, &c., are other similar com- 
pounds, derived from the same oM. 

SALICINE, AND BODIES DERIVED FROM IT, 

522. iSaZicme —-CgiHiaOii. — Salicine is obtained chiefly 
from the back of certain species of the willow (salix)^ but 
is contained in many other plants. It is a white crystaline 

520. How is chloride of benzyle formed? What chemical 
change takes place during its formation? 

521. What is benzoine ? What are some of its properties ? 

522. From what is salicine obtained ? . 
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solid, very soluble in hot water, and of a bitter taste. It is 
used in medicine. 

523. Oil of Spiraa — C14H6O4. — This compound is 
obtained by distilling a mixture of salicine, oil of vitriol, 
and bichromate of potash, and also from the leaves of the 
spima ulmaria (pride of the meadow), by distilling them 
with water. It is a transparent liquid, w^ich boils at about 
384°, and has a density of 1.173. It is isomeric with 
benzoic acid. 

524. Salicylic Acid (CiJELfia) is procured by heating the 
above oil with 'caustic potash. It is a white, volatile solid. 

525. Oil of Wintergreen. — ^This oil, well known in this 
country, is obtained by distilling the leaves and berries of 
the common wintergreen (gaultheria procumhens) -with 
water. It may also be prepared by distilling a mixture of 
salicylic acid, wood-spirit, and oil of vitriol. 

On the compound radical theory, salicine and its deriva- 
tives are considered as formed by different modes from the 
ideal radical salicyle, the composition of which is C14H5O4. 

526. The essential oil of cinnamon^ which is derived 
from the bark of the cinnamon-tree, like the oil of bitter 
almonds, serves as the basis from which a number of analo- 
gous compounds are obtained. Its composition is CigHgOs. 
When exposed to the air it absorbs oxygen, and an acid 
called cinnamic acid (CigHgOf) is formed. This acid may 
be obtained in crystals, which melt at about 264° ; and the 
liquid boils at about 554°. It is soluble both in water and 
alcohol. Several other compounds are produced from it. 
Both cinnamic and benzoic acids are contained in halsam 
of Tolu. 



523. From what is oil of spiraea obtained ? 

524. What is salicylic acid ? 

525. What is said of oil of wintergreen ? 

526. What is said of oil of cinnamon ? 
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VEGETABLE ACIDS NOT INCLUDED IN ANY 
OF THE PRECEDING GROUPS. 

527: Oxalic j9ci(f—C2H04=C203,HO.— Oxalic acid, in 
combination with bases, is found in many plants, especially 
in certain species of the sorrel {oxalis)^ and also in certain 
minerals. It may likewise be prepared artificially, by 
digesting starch, or sugar, with nitric acid, and by other 
processes. 

Pure oxalic acid is a crystaline solid, in external appear- 
ance not unlike £!p8om salt, for which it has sometimes 
been mistaken. It is very soluble in water, and exceedingly 
sour to the taste. Taken into the system, it is very poi- 
sonous. It is bibasic ; — that is, it tends to form salts in 
which two atoms of base are in combination with one atom 
of the acid. 

528. Oxalic acid forms numerous salts with the different 
bases. Oxalate of lime is a white powder, quite insoluble 
in water, and is found as a mineral production, and in many 
plants, in the cells of which the crystals may often be de- 
tected by the microscope. With potash it forms three salts ; 
the oxalate^ which is soluble, and is found in many plants 
of a sour taste, the hinoxalate^ and the quadraxalate. The 
last two are much less soluble than the first. These salts 
of potash, especially the first, are often used to remove 
stains of iron-rust or ink from linen. Oxalate of ammonia 
is much used in chemical analyses. 

. 529. Tartaric i4cid—C8H60M=C8H40,o,2HO.— -Tartaric 
acid, in combination with potash, exists in many fruits, 
especially in grapes. When the expressed juice of the 

627. In what is oxalic acid found? How may it be prepared 
artificially? What are some of its properties ? 
028. What are some of the oxalates mentioned ? 

529. In what is tartaric acid contained 7 Describe it. 
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grape is fermented, as in the manufacture of wine, this salt, 
in an impure state, is precipitated upon the inside of the 
cask, as argol^ or tartar. From this the pure acid is 
obtained, which is a white solid, very soluble in water, and 
of an agreeable acid taste. Like oxalic acid, it is bibasic. 

530. Tartaric acid forms with potash two salts, the neu- 
tral tor^rate,. and the acid or Utartrate. The latter is well 
known as cream of tartar. By saturating a solution of 
cream of tartar with soda, ihe double tartrate of potassa and 
soda is formed, which is often called Rochelle salt. Tartur 
emetic is a double tartrate of potash and antimony. 

531. Citric ^cid — CBH80,4=C,jH50„-f3HO. — Citric 
acid is obtained chiefly from the lemon {citron)^ but is found 
in other fruits. When pure it forms crystals, which are 
very soluble in water, and have an agreeable sour taste. It 
is used in calico-printing, and for medicinal and domestic 
purposes. 

Citric acid is tribasic; — that is, its salts contain three 
atoms of base united with one atom of acid ; but one or two 
atoms of the base, may be water. In bibasic acids, one of 
the atoms of base may in like manner be water. The salts 
of citric acid are unimportant. 

632. Malic Acid— CsUfii^z^dUfie+^HO.— This acki 
is found in the apple (malum) and other fruits, as the cur- 
rant and gooseberry. When pure it forms crystals, which 
are very soluble in water, and are sour to the taste. It is 
bibasic. 

533. Tannic Jtcid-^-CisUfiii^Ci^lfi^+dBO.—TdLnnic 
acid occurs in the bark and leaves of many trees, as the oak^ 



530. What, are some of the tartrates mentioned f What is 
cream of tartar ? 

831. From what is citric acid obtained? 

532. What is malic acid found in ? 

533. In what does tannic acid occur? How is it procured from 
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ehesnnt, uid hemlock, but is especially abundant in nut- 
galis, which Are excrescences that form upon the leaves or 
•evenil Bpacies of the oak. To prepare it, nut-galls,' in 
eoane powder, are introduced into a funnel, of 
the form A, represented in the figure, the 
mouth having been loosely filled with a little 
cotton, and pouring over them some sulphuric 
ether that has been previously washed. The 
funnel is placed in a vessel of the form B, into 
which the liquid gradually percolates, and sepa- 
rates spontaneously into two portions, the 
lower of which is a solution of tannic acid in : 

water (a little of which was contained in the I 

ether) with ether above iL The acid solution 
can be easily separated i and by evaporation 
yields the tannic acid as a solid -mass. 

This acid is soluble in water, and has a peculiar astringent 
taste. It is a feeble acid, but forms salts with bases. With 
•alts of the peroxide of iron, il forms a deep blue or black 
precipitate, which is the basis of writing-ink.* h forms an 
insoluble and very important compound with gelatine, which 
is the basis of leather. Raw hides, after the hair is removed, 
# are soaked for a time in a decoction of bark which contains 
this substance, by which ihey are changed into leather! 
534. Gallic Add fCHA=C,H0,+2H0) is formed^ 



Dut-gallsl What are eome of ita ptoperlies? What useful si 
glance does il form with ihe persalla of ironi 

S34. What is foTmed when aolution of tannic acid is aipoi 
to ibe air? Are there otlier organic acidil 
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when solution of tannic acid is exposed to the air, by the 
gradaal absorption of oxygen, and by other means. It is a 
crybtaline solid, soluble in hot water, and has an astringent 
and somewhat acid taste. With the bases it forms salts; 
none of which, however, are important. 

There are other organic acids, which, however, o«r 
limits do not allow us to introduce. 



VEGETABLE ALKALIES. 

535. The vegetable alkalies are a class of bodies found 
in various vegetable substances, which, like potash, am- 
monia, and other bases, unite with acids, forming salts. 
They all contain nitrogen; and most of them are but 
slightly soluble in water, and are exceedingly poisonous. 
In the plant, they are. always in combination with some 
acid. A few only of the many substances belonging to this 
class can be here described. 

536. Morphia, or^Morpkine — C35H90NO6. — ^This alkaline 
substance is an essential ingredient of opium^ which is the 
dried juice of certain species of the poppy, cultivated largely 
in different parts of Asia. Incisions are made in the cap- 
sules at the proper time, and the milky juice that exudes is 
allo\fed to dry upon the plant. The substance is then 
carefully scraped off, and constitutes the opium of com- 
merce. The several processes for extracting moi^hia from 
opium are no^difficult, but are somewhat tedious and com- 
plicated. In the opium, it is combined with sulphuric and 
meconic (from meconej poppy) acids, the latter of which 
is peculiar to this substance. 

535. What are the vegetable alkalies ? 

536. In what is morphia found ? How is opium procured from 
the poppy? With what acid is the morphia combined in the 
poppy 1 What are some of the properties of morphia 7 
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Pure morphia is a crystaline solid, but slightly soluble ia 
water, and of a. bitter taste. It combines readily with acids, 
forming salts, the most important of which are the sulphate, 
aceiatey and hydrochlarate. These salts are very soluble in 
water, and have an intensely bitter taste. They are exten- 
sively used in medicine. 

537. JSTarcotine, — C48H24NO15. — ^Nareotine, or narcotina, 
is also contained in opium, from which it is separated by 
digesting the opium in ether.' It has but a feeble power of 
neutralizing acids, and is therefore less alkaline in its cha- 
racter than morphia. Besides the above, several other alka- 
line substances are extracted from opium in very small 
quantity. 

538. Q^irday or Quinine — C^HisNOj. — Quinine is ob- 
tained only frofai the bark of certain species of a tree called 
ciftcAona, which grows chiefly in South America. In com- 
merce it is called Peruvian bark, and is extensively used in 
medicine. Quinine is a crystaline solid, slightly soluble in 
water^ and intensely bitter. It combines readily with acids, 
as the sulphuric and hydrochloric; and the salts formed 
are extensively used in medicine, especially in certain 
fevers. 

539. Cinchonia^ or Cinchonine — ^CajHigNO. — Cinch on ia 
always accompanies quinia in Peruvian bark, and is obtained 
from it by a similar pi^ocess. It differs in composition from 
quinia in containing a single atom less of oxygen ; but in 
most properties, the two substances are m\:;ch alike. Alone, 
i^ is but slightly soluble in water ; but the salts it forms 
with acids dissolve more readily, and are used in medicine. 

Several other alkaline substances are obtained from Peru- 

537. How is narcotine separated from opium ? 

538. From what is quinia obtained ? What is this bark called 
in commerce ? What Salts of quinia are used in medicine ? 

d39. What other vegetable alkali is associated with quinia in 
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Tian bark, but they possess little ' interest. These^ as well 
as quinia and cinchonia, in the bark are in combination 
with a peculiar vegetable acid, which has been called the 
kinic acid. 

540. Strychnia, or Strychnine (C44H23N2O4) is a vegetable 
alkali obtained from nux vomica^ and other plants. It is 
the poisonous principle of the famous Upas^ of the island 
of Java, of which so many fables are told. 'It forms an 
extensive series of salts with the acids. 
, 541. Brucia is a similar alkaline substance, obtained 
from the same source. 

Other vegetable alkalies are verairia^ from the verafrwn 
album ; solania^ from several species of solanum ; coniaj 
from conium maculatum, Slc. 

542. Theine^ and Caffeine (CgH9Ni02), obtained from tea 
and coffee, appear to be the same substance. It is found 
also in the fruit of some other plants, and is contained in 
larger quantity in tea than in coffee. It is not certain that 
these articles, so extensively used among civilized nations, 
owe their peculiar properties to this principle. 

COLORING. MATTERS.' 

543. Infinite diversity exists in the colors of vegetable 
substances ; but the prevailing tints are red, yellow, blue, 
and green, or mixtures of these colors. Coloring matter 
rarely or never occurs in an insulated state, but is always 
attached to some other principle, such as mucilaginous, ex* 
tractive, farinaceous, or resinous substances, by which some 

Peruvian bark ? What acid are these alkalies combined with in 
the bark ? 

540. From what is strichnia obtained ? 

641. What other vegetable alkalies are mentioned? 

542. What is said of theine and caffeine ? 

543. What are the prevailing colors of vegetable substances ? 
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of its properties, and particularly that of solubility, is 
greatly influenced. 

The art of coloring consists in attaching the different 
coloring-matters to the fabrics to be colored. This is 
accomplished in various modes, as by adding some substance 
that forms an insoluble compound with the coloring-matter, 
or one that has the property of causing the coloring-matter 
to att|^ch itself permanently to the fibre of the cloth. A 
substance used for this last purpose is called a mordant. 

544. Indigo^ and Substances derived from it, — Indigo is 
well known as an important blue coloring substance. It is 
derived from the juices of several American and Asiatic 
plants, which are soaked for a time in water, and the clear 
liquid, by standing, gradually becomes blue, and deposites 
the indigo as an insoluble powder. 

545. The indigo of commerce is obtained in square cakes, 
of a deep blue color, and an earthy, and somewhat coppery 
aspect. It is always mixed with more or less foreign matter. 
Pure indigo (CieHgNOj) is quite insoluble in water and 
alcohol, but dissolves in heated sulphuric acid; and the 
solution is used in dyeing Saxon blue. At high tempera- 
tures, it is sublimed, and the vapor condenses on cold sur- 
faces in fine crystals. Digested in water with lime and 
copperas, its blue color is destroyed, and a yellow liquid 
obtained, which, by standing, absorbs oxygen from the air, 
and the indigo is reproduced. Substances soaked in the 
yellow liquid become of a deep blue by exposure to the 
air. The finest indigo blues are produced by this mode. 

In what does the art of coloring consist? How is this accom- 
plished ? What is a mordant? 

544. From what is indigo derived ? What is the process of 
manufacturing it from the plants? 

545. Is indigo soluble in water? What liquid dissolves it? 
How may its color be changed to yellow ? What is the effect 
when this yellow is exposed to the air ? 

28* 



I' 
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546. JSmUne (C12H7N) is an alkaline substance, formed 
by heating indigo with caustic potash, when the aniline dis- 
tils over, and is condensed in a cool receiver. It is an oily 
liquid, which has the density of 1.028. Aniline forms 
numerous salts with the di&rent acids. It is also found in 
the oil of coal-tar. 

547. Isatine (C16H5NO4) is derived from indigo by heaW 
ing it with dilute nitric acid. It is a crystaline solids of an 
orange-red color, soluble in hot water and in alcohol. 
From this substance isatinic acid is derived, and several 
other compounds^ 

548. Litmus is a coloring substance, resembling indigo, 
obtained from several species of lichen. It is seen in small 
cubical masses, which are partially soluble in water, and 
the solution communicates a beautiful blue to substances 
immersed in it. This substance is OHich used in chemical 
investigations for detecting the presence of acids and bases ; 
the former of which change its blue color to red, and the 
latter again restore the blue. It is a compound of several 
principles, as lecanoriney and orcine, 

549. Madder is a red coloring substance, obtained from 
the roots of a plant called rubia tinctarum. It contains 
several principles, the most important of which is a ted 
crystaline compound (Cs7HisO,o) termed alizarine. The 
beautiful crimi^on called TStrkey-red is produced by mad- 
der ; which also, by different processes, is made to yield a 
yellow and a purple. 

550. Hamatoxylitte is a substance obtained from log- 

546. How is aniline formed ? 

547. What is the method of preparing isatine? What is its 
color ? 

548. From what is litmus procured ? What change is produced 
upon it by acMs? 

549. What is madder ? What color is produced by it ?. % 

550. From what is hsmatoxyline procured 1 
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wood, which, with iron-salts, produces black. It is con- 
tained in the black dyes used for hats and for broadcloth. 

551. Brezeline is a crystaline solid, of an orange color, 
obtained from Brazil-wood^ which is soluble in water and 
alcohol. With mordants, it gives a beautiful red. The 
same substance is contained in the African wood called 
eam-wood, 

552. Carmine is a beautiful red coloring-matter, procured 
from the bodies of the cochineal insect, which feeds upon 
certain species of cactus. 

553. Quercitrine is a yellow coloring-matter, contained 
in the bark of the querela tinctoria^ and probably in other 
vegetable substances used in coloring yellow. A fine yel- 
low is also produced by the turmeric root, and l>y the root 
of the common barberry {berberis vulgaris). The leaves 
of the common gray birch (betula lenta)^ with the proper 
mordants, produce an excellent and permanent yellow, much 
used in some parts of New England. 

« 

FATTY SUBSTANCES AND OILS. 

FATTY SUBSTANCES. 

554. The fats and oils belong to the same general class, 
and are composed of the same elements, but in various 
proportions. The characteristic distinction between them 
seems to be that the fats are solid at ordinary temperatures, 
while the oils are liquid. They are all very combustible, 
and insoluble in water ; and are found both in vegetable and 

551. From what is brezeline obtained? 

552. What is carmine 1 

553. What is quercitrine ? What other substances are used for 
dyeing yellow 1 

554. What is the essential distinction between fats and oils I 
What are some of their general properties ? 
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* 

animal bodies. Most of them are mixtures of several dif- 
ferent substances, as will soon appear. 

555. Suet is the fat obtained from the ox, sheep, goat, 
and other animals ; which, when heated for a time, to sepa- 
rate the fat from the animal tissue, yields tallow. This is 
found to be chiefly a mixture of three principles ; margor' 
rine (from margarites^ pearl), stearine (from stearj tallow), 
and oleine (from elaion^ oil) ; and each of these is com- 
posed, in part, of another principle, called, from its sweetish 
taste, glycerine (Greek, gluktiSy sweet). This last sub- 
stance, glycerine (CeHgOe), is obtained from the fats and 
oils by heating them with a caustic alkali, and decomposing 
the compound by an acid. It is a liquid of specific gravity 
1.26, whfch is soluble in water and alcohol. It unites with 
sulphuric acid, forming a coupled (504) acid, like the sul- 
phovinic acid. 

556. Margarine (07411740,2) is a pearly white substance, 
which melts at 116^; and is obtained from tallow by 
digesting it in hot elher ; and the liquid portion being the'n 
poured off and evaporated, yields the margarine, mixed with 
oleine. This last substance is separated by pressing it 
between folds of bibulous paper. It is composed of glyce- 
rine, margaric acid^ and the elements of water. By heating 
margarine with an alkali, the margaric acid combines with 
the alkali, forming a margarate of the base, and the glyce- 
rine is set free. The composition of margaric acid is 
C34H34O4. It is a white pearly substance, not unlike sperma- 
ceti, which melts at about 170^. 

557. Stearine (C,42H;4iOn), which forms the chief con- 

555. What is suet? What is tallow 1 Of what is tallow com- 
posed 1 

556. How is margarine obtained from tallow ? What are some 
of its properties 1 • Of what is it composed ? 

557. Describe stearine. Of what is it composed ? How may 



FATTY SUBSTANCES. 333 

stituent of tallow, is a white ciystaline solid, like sperma- 
ceti, smd melts at about 140°. It is composed of glycerine, 
stearic acid^ and the elements of water; and is obtained 
from mutton-suet by washing it thoroughly with ether, 
which separates the small quantity of margarine and oleine 
contained in the suet It is insoluble in water, but dis- 
solves in boiling alcohol, from which it crystalizes on cool- 
ing. Stearic acid (CegHegO?) is obtained from stearine by 
digesting it with an alkali, and decomposing the stearate 
formed by dilute hydrochloric acid. It is a white, tasteless, 
and inodorous substance, insoluble in water, but soluble in 
boiling alcohol. It melts at 167°, and solidifies at 158°. 
Heated in the open air, it burns like wax ; and is the sub- 
stance of which stearine candles are made. For this pur- 
pose, it is formed by digesting tallow or lard with lime- 
water, and decomposing the stearate of lime by dilute oil 
of vitriol, and then subjecting the mass to great pressure, to 
free it from the liquid matter contained in it. 

558. Oleine (C94H8fOig), the third substance mentioned 
(555) as contained in fats and oils, like stearine in the fats, 
constitutes the great mass of most of the fixed oils, and 
exists only in small quantity in the more solid fats. Oils 
are essentially oleine, holding more or less stearine and 
margarine in solution. Pure oleine is obtained by dis- 
solving an oil in hot ether, and then exposing the solution 
to intense cold, by which the stearine and margarine are 
crystalized out. It is a compound of glycerine, oleic acid, 
and the elements of water. Oleic acid (C44H39O4) is pro- 
cured from oleine by digesting it with potash, and decom- 
posing with hydrochloric acid. At ordinary temperatures, 

stearic acid be obtained ? Describe it. How is it prepared from 
tallow or lard for the manufacture of candles ? 

558. Of what does oleine constitute the chief ingredient? How 
is oleine obtained ? What is oleic acid ? Describe it. ■ 
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it is a liqoid lighter than water, and is without taste or 
odor. It remains liquid at low temperatures. ^ 

559. lard is the fat of the hog, separated from the 
animal tissues. It is softer and more fusible than tallow, 
containing a lar|;er proportion of oleine, and less stearine 
and margarine. The oleine obtained from it constitutes the 
lard-ail of commerce. 

By the action of the acids, alkalies, and alcohol upon 
the above substances contained in the fats and oils, a long, 
list of compounds is obtained, which cannot be here 
in^oduced. 

560. BuUer is an impure fat, obtained by a well-known 
process from the oily part of milk, called cream. It con- 
tains stearine, margarine, and oleine, besides several princi-« 
pies peculiar to itself, the chief of which is hutyrine. This 
is a colorless oil, having the odor of melted butter, which 
becomes solid at 32°. By digesting butter with an alkali, 
decomposing with tartaric acid, and distilling, a volatile 
acid, the hUyric (CgHtO^), is obtained mixed with other 
substances, from which it may be separated without much 
difficulty. Butyric acid may also be formed from sugar, 
by mixing with a solution of it a little curds of milk and 
powdered chalk, and allowing it to stand for a time in a 
place where it shall be kept at a temperature of about 90°. 

561. Bayherry tallow j or myrtle wax^ is a &t obtained 
from the fruit of the common bayberry (myrica cerifera). 
It is obtained from the berries by steeping them in hot 
water, and is found in other vegetables. Its composition is 
essentially the same as common tallow, but it contains 
other principles in small quantity. 

659. What is lard ? What is lard oil ? 

560. What is butter ? What are some of the principles it con> 
' tains ? How may butyric acid be obtained from it 1 How may 
this acid be also formed from sugar 1 

661. From what is bayberry tallow procured? 



OILS. 335 

562. SpertnaceiL-sSpeTvaticeii is a beautiful white sub- 
stance, found mixed wjth oil in cavities of the heads of jsertain 
species of whales. The oil is separated from it by pressure; 
and the hard, white, crystaline substance thus obtained 
melts at about 120°, and may be sublimed unchanged in 
close vessels at about 680°. Spermaceti contains no gly- 
cerine; but in its place a peculiar principle called ethal 
(CasH^Og) is found, which may be separated, as a colorless, 
crystaline solid. Spermaceti contains in combination with 
elhal both margaric and oleic acids. 

%63, Eikal^ in many of its properties, closely resembles 
the alcohols ; and various bodies are derived from it similar 
to those derived from, the alcohols. 

564. Bee8*-wax is obtained, as is well known, from 
honey-comb by heating it with water ; the wax melts and 
swims upon the surface, while the impurities it contains 
are dissolved in the water, or settle to the bottom. It 
appears to be a compound of two principles, cerine and 
myradiie^ which may be separated by boiling alcohol. The 
latter substance is also contained in* bayberry tallow. Com- 
mon bees'-wax is of a yellow color, but is whitened by 
exposing it in thin layers to the action of the atmosphere 
and of light. 

OILS. 

565. The oils constitute a very large class of bodies, 
which, « as stated above, are generally liquid at common 
temperatures; but there is considerable difference among 

562. What is spermaceti? What peculiar principle does it 
contain ? 

563. What group of bodies does ethal resemble in many of its 
properties 1 

564. What is bees-wax ? What two principles does it contain ? 

565. What is generally the state of the oils at ordinary tern- 
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them in this respect. They may conveniently be divided 
into the two classes oi fixed and volatile oils ; the former 
of which cannot be evaporated without decomposition, 
while the latter evaporate even at low temperatures. A 
drop of a fixfed oil upon a piece of paper produces a per- 
manent stain ; by which means it may always be distinguished 
from a volatile oil, which will entirely evaporate. Some 
of them absorb oxygen from the air, and fprm a solid 
resinous substance, and are therefore called drying-oils. 
Such oils are suitable for painting, as, after they are spread 
upon the surface of a body, they absorb oxygen and forA a 
resinous coating or film upon it, inclosing any coloring- 
matter that may have been mixed with the oil. Printer^ 
ink is a preparation of some drying-oil and some coloring- 
matter, as lamp-black, vermilion, or Prussian blue. 

566. Fixed Oils, — Most of the vegetable fixed oils are 
obtained from the seeds of plants, generally by grinding 
and then subjecting the mass to great pressure, aided by a 
slight heat. ^ 

567. Linseed oil^ from the seeds of flax, is well known, 
being used almost universally by painters. Exposed to the 
air in thin films, as when spread upon the surface of'wood, 
or other substance, it absorbs oxygen rapidly; and this 
tendency is increased by previous boiling, or by containing 
in it certain other substances, as litharge (oxide of lead) ; 
which, when thus used, are called dryers. When wool, 
flax, hemp and similar substances are saturated with this 
oil, and exposed to the air, the absorption of oxygen is 
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peratures ? Into what two classes may they be divided ? Describe 
the difference between these classes. Why are some called dry- 
ing oils ? Of What is printers' ink made ? 

566. From what are most of the vegetable fixed oils obtained? 
By what means are they extracted ? 

567. From what is linseed oil procured? What use is made 
of it ? What change takes place in it when exposed to the air % 
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sometimes so rapid' as to cause spontaneous combustion 
by the heat developed. 

568. Walnut ail^ from the kernel of the common walnut, 
is also an oil that dries rapidly; but is inferior in this respect 
to the former. 

569. Hempseed oil^ croion oil^ and oil of poppy-seed^ 
possess the same character. 

570. Olive oil is procured from the pulp of the olive,* 
and is much used, under the name of sweet oiL as an article 
of food, and for other purposes. It is composed chiefly of 
oleine and margarine, the latter of which is present in con- 
siderable quantity; and therefore the oil congeals when 
moderately cooled. It is not a drying oil, but absorbs oxy- 
gen very slowly when exposed to the air. 

571. Palm oil^ usually so called, though it is not per- 
fectly liquid at ordinary temperatures, is obtained from the 
fruit of certain African trees, and is imported largely into 
this country and in England for the manufacture of soaps. 
It is composed of oleine, a peculiar stearine, and palmatine^ 
a substance analogous to margarine. Palmitic acid sustains 
the same relation to palmatine as the margaric acid to mar- 
garine, &c. 

572. Castor oil is well known, as used in medicine. It 
is procured from the castor bean^ which is ^he seed of the 
ricinus communis. It appears to contain several principles 
peculiar to itself, though its composition is analogous to 
that of other oils. It is soluble in its own volume of 
alcohol. 

568. What is said of walnut oil ? 

569. What other oils are mentioned as possessing the same 
property ? 

570. What is sweet oil ? What use is made of it ? 

571. What is said of palm oil? What is it composed of? 

572. From what is castor oil obtained? What use is made 
of it ? ^ 

A W 
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673. Spermaceti oi7, as it is called^ 19 obtained from cer- 
tain species of whale ; and, like the various fish oils, appears 
to be composed of oleine, margarine, and stearine, in variable 
* proportions. The same may 'he said of the other animal 
oils in general. 

574. Soaps, — Plasters, — Frequent allusion has already 
been made to the action of the alkalies upon the fats and 
oils; — when these are boiled together, union takes place 
between them, and a well-known and very important sub- 
stance is formed, called soap. The acids contained in the 
fat or oil, as the margaric, stearic, oleic, &c., described 
above, combine with the alkalies, forming proper salts, 
which exist in the soap together with other substances. 

All the soaps may be divided into the two kinds, hard and 
soft; the former, of which are made with soda, and the 
latter with potash. - They all contain a large proportion of 
water ; which, however, exists in a difierent condition in 
the soda soaps from that in which it is contained in the 
soaps of potash. 

Of the hard soaps there are two varieties, the white and 
the yellow ;— the white is made entirely of soda and pure 
tallow, and the yellow of soda, with tallow, palm oil, and 
resin (common rosin). 

Soft soaps are made entirely of potash and tallow or oil, * 
and often other animal matters. For the coarser kinds, very 
impure fats are used without even separating them from the 
animal tissues in which they are contained. 

575. The lead-plaster^ or diachylon^ used in medicine, is 

573. From what is spermaceti obtained ? 

574. What is the effect when an alkali is boiled with a fat or 
oil ? What are the chemical changes that take place ? What two 
kinds of soap iare there? Which of these is made with soda, and 
which potash ? What is the difference between the white and 
the yellow hard soaps? 

575. How is lead-plaster, or diachylon, formed? How is its 
forinntion explaiued ? 
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ft kind of metallic soap, which is made by boiling; olive oil 
and oxide of lead together, wilH a little water. The oleic 
and margaric acida contained in the oil unite with the oxide 
of lead, in the same manner as they combine with the alka- 
lies (oxides of potassum and sodium) in the formation of 
soaps. There are two kinds of diachylon, the yellow and 
the brown; the former of which is made with litharge, and 
the latter with red lead; but their properties are essentially 
the same. Both are quite hard at ordinary temperatures, 
but melt with a moderate heat. 

576. Volatile, or Essential Oils. — These are numerous, 
and are all of vegetable origifi. Most of them are obtained 
from the leaves and flowers of plants ; but some are found 
in the bark or fruits, or other part of the plant. They differ 
essentially in composition ; some of them containing oxy- 
gen, and others being destitute of it, and a few of (hem 
containing sulphur. In general they are obtained by dis- 
tilling the part of the plant containing them with water ; — 
both the oil and the water pass over in vapor, and are coD" 
densed in the usual mode, and are afterwards separated by 
the oil rising to the surface. One only, ^vV^>*^j*;^JtV 
the oil of winter-green, being heavier r^ *. -T' '^U 
than water, sinks to the bottom. A ves- 
sel of the form figured in the margin 
answers well for separating all but the 
one last mentioned from the water w 
which they are distilled. Il ia first filled ' 
with water to the line A, and then 
mixed liquids are poured into il in a small 
stieam, the oil remaining at the surface ' 
while the water escapes at C, This, it is evident, may be 

S76. Fiom what are the essential oils obtainad? Do these oili 
differ esientially in composition 1 What ia the modf of ditliUing 
tbernl Deiciibe the mode of sepantting Ihc oil after distillation 




1 
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continued until the vessel is nearly filled with the pure oil ; 
or until, if more were added, the- oil itself would begin to 
escape by the spout C. 

Most of the essential oils consist of at least two princi- 
ples ; one of which is less fusible than the other, and may 
be separated by cold. Thus, by exposing oil of pepper- 
mint to severe cold, a solid not unlike camphor is crystalized 
out, and may be separated from the portion that remains 
liquid. These solids, sometimes culled stearoptens^ are dif- 
ferent in the different oils ; some being much more easily 
solidified than others. Their composition is also various ; 
some being isomeric with the oil which yields thein, and 
others, hydrates or oxides of the oils. 

577. Oil of turpentine is procured, by distillation, from 
common turpentine, a substance which exudes from incisions 
made in the wood of several species of pine. It is a limpid 
colorless liquid, of specific gravity about 0.87, and boils at 
315°. It is composed, when pure, solely of carbon and 
hydrogen, but absorbs oxygen from the atmosphere, and 
forms resin. It is frequently called camphene^ and is used 
in lamps as a substitute for oil. When a current of dry 
hydrochloric acid gas is passed through it, a white solid is 
formed, resembling common camphor, and is called artificial 
camphor. 

578. Oil of lemons is obtained from the peel of the fruit 
simply by pressure. It is lighter than water, and boils at 
330°. It is isomeric with oil of turpentine ; and, like that 
substance, also forms a white solid with hydrochloric acid. 

from the water. Of what two principles do most or all of the 
volatile oils consist? What is said of the oil of peppermint in 
this coanection? Are the stearoptens of the different oils the 
same? 

677. From what is oil of turpentine procured ? Why is it often 
called camphene? 

578. From what part of the fruit is the oil of lemons procured ? 



# 
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579. Oil of hergamoty which much resembles the last 
mentioned, is procured from a species of the lime. 

580. Oil of cinnamon (526) is contained in the bark of 
several species of Jaurus^ which grows chiefly in the E^st 
Indies ; and is obtained by distilling the bark with water. 

581. Oil of peppermint exists in the leaves and stem ©f 
the plant, from which it is separated by distillation with 
water. This oil is used in large quantities by confectioners ; 
and in some of the western states the plant is extensively 
cultivated to be distilled for the oil. Dissolved in alcohol, 
it forms the well-known essence of peppermint. The other 
essences are prepared in the same manner, by dissolving a 
small portion of the oil in alcohol. 

582. Oil of roses is obtained entirely from the flower by 
distilling with water. In consequence of the high price it 
bears, it is often adulterated largely with other oils. It is 
frequently called oito^ or attar of roses. 

583. Oil ofneroli is an' oil obtained in the same manner 
from orange flowers. 

584. Oil of mustard is one of the few oils that contain 
9ulphur. It is obtained from the mustard seeds by distilla- 
tion with water, after the fixed oil has been expressed by 

the aid of a moderate heat. 

■ - 

579. Oil of bergamot? 

580. From what the oil of cinnamon ? • 

581. In what part of the plant is the oil of peppermint contained? 
What is essence ef peppermint ? 

582. From what part pf the plant is the oil of roses procured? 

583. What is oil of neroR ? 

584. What is said of the oil of mustard ? 
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RESINOUS AND BITUMINOUS SUBSTANCES. 

RESINS. 

• 

585. Several of the resios are closely allied to the essen- 
tial or other oils. We have seen above that the drying-oils 
(565) and oil of turpentine (577)9 when exposed to the air, 
absorb oxygen and form resinous substances, which spe- 
cially fits them for use in painting. The resins exist in the 
plants either pure or in combination with an essei/tial oil. 
They are solid at ordinary temperatures, and by friction be- 
come negatively electrical. Most of them are soluble in 
alcohol, ether, and the essential oils, but are insoluble in 
water. They combine readily witli the caustic alkalies 
(574), forming soapy compounds. 

586. Common resin^ or rosin (as it is called in commerce), 
is obtained fron^ diflerent species of pine, in which it exists 
combined with oil of turpentine.* The substance called tur- 
pentine is obtained from the trunk of the tree by incisions 
made in it while growing ; and this, by distillation (577), 
yields the oil of turpentine, the resin remaining behind in 
the boiler. 

When the tree is felled, and the turpentine extracted by 
heat, it is partially decomposed, and acquires a dark color, 
and an offensive burnt odor, and is called tar. By heating 
tar so as to expel all the oil of turpentine contained in it, the 
common pitch of commerce is.ohtairted. 

587. LaQ^ or gum lac^ as it is often called, is procured 
from a species of tree called ^ci«, by punctures made in the 

585. To what are some of the resins closely allied ? la what 
state do the resins exist in plants? In what are most of the resins 
soluble ? 

586. From what is rosin obtained? How is the turpentine 
extracted from the tree? How is tar obtained? 

587. From what is lac obtained ? la what is it soluble ? 
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bark by insects. It is soluble in alcohol and heated oil of 
turpentine ; and is used in the preparation of varnishes and 
8ealing*wax. 

588. Copal is the .resin of a tree found in warm climates. 
It is much used in preparing 6opal varnish, and differs from 
other resins in being scarcely soluble either in alcohol or 
ether. Copal varnish is made by melting the resin cau- 
tiously in a close vessel, and then adding heated linseed oil 
and oil of turpentine. For most purposes it is preferred to 
all other varnishes. * 

Mastic and sandarac are resins much resembling- lac in 
most of their properties. 

589. Amher is always found as a fossil, but it appears to 
be the resin of some ancient tree that has become extinct. 
It is found on the shores of the Baltic sea, on the Yorkshire 
coast of England, and in some of the United States, as in 
New Jersey. , 

590. CaotUchouCj or India-rubher^ is the product of several 
tropical trees. It is insoluble in alcohol, but^ dissolves in 
pure ether, and chloroform, and some of the essential oils. 
It is now made use of for various important purposes. 

591. Gutta-percha is a substance nearly resembling 
caoutchouc in man3nof. its properties, but at ordinary 
temperiatures is much harder. At the temperature of 
boiling water it becomes quite sof\, and may be worked into 
almost any desirable form. It is obtained from a large tree 
found, so far as is known, only in some parts of Southern 
Asia. 

592. Camphor^ though closely related, as we have seen 

588. What is copal ? How does it differ from the gums and 
most of the resins? How. is copal varnish formed 1 

589. AVheve is amber found ? 

590. What is said of caoutchouc, or India-rubber ? 

591. What is gutta-percha ? What are some of its properties ? 

592. To what is camphor closely related? Pescribe it. From 
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(576), to some of the volatile oils, is properly to be 
classed with the resins. It is a white solid, of a pleasant, 
aromatic odor ; and is procured in the solid state from the 
laurus camphora of Japan. It is very soluble in alcohol, 
and may be sublimed without change in close vessels. 
Several of the essential oils, when exposed to severe 
cold, yield solids peculiar to themselves, which ^ire consi- 
dered camphors. Borneo camphor is a peculiar variety 
obtained from the island of Borneo. Its odor is difierent 
from that of ordinary camphor, and it is also heavier. It is 
highly prized by the Chinese and other eastern nations, and 
seldom is seen in this country. 



BITUMENS. 

593. Several of the substances included under this head 
are obtained from the earth as natural productions, while 
others are procured by the destructive distillation of wood 
and other vegetable bodies. 

594. Naphtha, — ^This substance exists in the earth in 
many countries, mixed with various impurities, and is found 
upon the surface of the water in springs and lakes. In its 
impure state it is called petroleum^ from which the 'naphtha 
is obtained by distillation. It is a yellowish volatile liquid, 
of specific gravity 0.753. It may be obtained in small 
quantity by distilling bituminous coal. Petroleum is found 
in considerable abujudance in some parts of Seneca Lake, in 
the state of New York, and called Seneca oil. 

what is it obtained ? What is said of some of the essential oils 
in this connection? 

593. Where are mo^t bituminous substances obtained ? 

594. In what is naphtha found ? What is it called in the impure 
state in which it is found ? How is the naphtha separated from 
petroleum ? Describe naphtha. 
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595. Asphaltum^ or mineral pitck, is a black, solid sub^ 
stance, obtained from tlie earth in various countries, and 
contains more or less naphtha. It melts with a moderate 
heat, and burns freely in the open air. 
■ 596. Jfaphthaline — CaoHg. — This is a solid substance 
obtained by distillation from coal*tar, which is a substance 
collected in the preparation of illuminating gas from bitu- 
minous coal. It is a white crystaline s^lid, which melts at 
136°, and boils at about 413°. By the action of chlorine 
and bromine upon it, many peculiar and interesting com- 
pounds are formed, which cannot be here described. 

597. Paraffine is procured by distilling wood-tar, and is 
also contained in petroleum. It is a solid lighter than 
water, and melts at about 110°. It received its nam6 
(parum affirds) from the circumstance that it manifests little 
affinity for other substances. 

598. Ewpione (CgHe) is a liquid substance obtained als6 
from wood-tar. It l)oils at 340°, and has a density of 
0.655 only. 

599. Creosote^ or Kreosote — CnU^O^. — ^This substance is 
procured from crude pyroligneous acid by a complicated 
process. It is a colorless liquid, a little heavier than water, 
which boils at about 397°i It has a most disagreeable odor 
ot" smoke, and a pungent burning taste. One of its most 
important properties is its power of preserving meat and 
other animal substances from putre^ction; from which 
it derives its name (kreas^ flesh, and sozoj to preserve). It 
is this substance which gives to smoked meat and fish their 
peculiar flavour, and at the same time preserves them from 



SO 5. What is asphaltum or mineral pitch ? 

596. What is naphthaline ? What are some of its properties 1 

597. How is paraffine procured ? Describe it 

598. What is eupione ? Describe it. 

599. How is creasote procured ? What are some of its proper. 
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tainting;. It is used in medicine, bnt when taken internally 
in any quantity it is highly poisonous. 



CYANOGEN AND ITS COMPOUNDS. 

000. Cyanogen (CJST) has already (247) been in part 
described. It is usually prepared by heating bicyanide of 
mercury. At ordinary temperatures it is gaseous, but may 
easily be converted into a liquid by Uie moderate pressure 
of 3.6 atmospheres. 

This may be done as "follows : Let a small quantity of 
cyanide of silrer be introduced into a strong glass tube, 

bent, as in the figure, and 
j hermetically sealed. It 
is then to be held hori- 
zontally, and the heat of 
a lamp applied at the extremity a, containing the cyanide 
of silver. The other extremity, h^ is to be kept cool ; and 
in a short time the liquid cyanogen will be seen to cc^lect in it. 

Cyanogen is one of the most important of the compound 
radicals (455), and by union with other substances forms a 
great variety of interesting compounds. 

601. Hydrocyanic, or Prussic, Acid — CjN,!!. — This 
compound is contained in the water distilled from the leaves 
and blossoms of the peach and other stone fruits, and gives 
to them their flavour. It may easily be procured by de- 
composing cyanide of mercury by sulphuretted hydrogen, 
and collecting the gas in a cold receiver. 

ties ? What is said to be its most striking property % For what 
purposes is it used ? 

600. How is cyanogen usually prepared % What is said of it as 
a compound radical ? 

601. In what is hydrocyanic acid contained? How may it be 
procured ? What are some c^ ita properties? Wiiat is said of its 
poisonous character ? 
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Pure hydrocyanic acid is a colorless liquid, which has a 
density of about 0.70, and boils at 80°. In the open air it 
evaporates rapidly ; and, by the cold produced, a portion of 
it is frozen. Its odor is strong and pungent, resembling 
that of peach^blossoms. It mixes readily both with water 
and alcohol ; and is one of the most terrible poisons known 
to man. A single drop of it placed upon the tongue of a 
dog causes death in a few seconds. It is considerably used 
in medicine ; but for this purpose it is largely diluted with 
water. When long kept, especially if exposed to the action 
of light, it is liable to spontaneous decomposition. 

602. JtmygdaHne (C40H27NO22) is a principle which is 
contained in peach-kernels, in bitter almonds, and other 
similar fruits. It is a crystaline powder, and is soluble in 
water and alcohol. By boiling it with baryta, amygdalic 
add is formed ; which at once enters into combination with 
the baryta. 

603. Synaptasej or emulnney is a 3rellowi8h-white solid, 
obtained from the kernel of sweet almonds, the composition 
of which has not been fully determined. When a mixture 
of amygdaline and emulsine is made with water, a peculiar 
and complicated reaction takes place, which results in the 
production of bitter-almond oil, hydrocyanic acid, and 
grape-sugar. 

604. Cyanide of Potassiiunr^Kfi^, — ^This compound 
is formed by saturating an alcoholic solution of potash by 
hydrocyanic acid, by heating potash with animal matter, 
or by igniting the yellow prussiate of potash in a close 
crucible. It is a white solid, very soluble in water, and 

602. What is amygdaline? 

603. What is synaptase or emalsine?. What are produced when 
a mixture of amygdaline and emulsine is made with water ? 

604. How is cyanide of potassium formed) For what is it 
used ? 
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deliquescent ib the air. It is much used in the electrotype 
process. 

606. Cyanide of Mercury — HgjC^N. — Cyanide of mer- 
cury is easily prepared by dissolving oxide of mercury in 
hydrocyanic acid, and by other means. It is used in pre«> 
paring cyanogen. Cy amide of silver^ prepared by mixing 
hydrocyanic acid with a solution of any salt of silver, is 
used for the same purpose. There are numerous other 
cyanides of the metals. 

606. Compounds of Cyanogen and Oxygen. — Cyanogen 
and oxygen combine to form three acids, which are iso> 
meric, but very distinct in their properties. They are the 
cyanic (CgNO+HO), the/ttZmimc (C«N2024-2HO),and the 
cyanuric (CiNsO^-f 3H0); each of which combines with 
bases, forming salts. 

607. C|^ana/e«.-— Cyanate of potash is prepared by heat- 
ing the yellow prussiate of potash (soon to be described) 
with peroxide of manganese, and digesting the mass in 
alcohol. It is a white crystaline solid. Cyanate of am" 
monia^ or tir^a, is formed by bringing together hydrocyanic 
acid gas and ammonia, and by the action of cyanate of 
potash upon sulphate of ammonia. It is also contained in 
the urine of animals, and is therefore called urea. It is an 
interesting substance, as being the first decidedly organic 
compound (451) which was produced artificially. It is a 
transparent, crystaline solid, with little odor, and very 
soluble in water. 



605. How is cyanide of mercury prepared ? What use is made 
of cyanide of silver ? Are there other metallic cyanides ? 

606. How many acids are formed by the union of cyanogen 
and oxygen % What is said of their relation to each other? What 
are their ncunes ? 

607. How is cyanate of potash prepared ? How is cyanate of 
ammonia or urea formed 7 For what is this istubstance particularly 
interesting ? 
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608. Fulminates.^^The fulminates of mercury and silver 
are the only ones of importance. Fulminate of mercury is 
prepared, by dissolving 200 grains of mercury in an ounce 
of strong nitric acid by the aid of heat, and when cold, 
pouring into it about 4 ounces, by measure, of alcohol. 
The mixture should be contained in a large glass or earthen 
Vessel, and a little heat applied if the action does not com- 
mence in a few minutes after adding the alcohol. When 
the action has once commenced, it goes on violently, 
without the further aid of heat, attended by the evolution 
of white fumes and the deposition pf the solid fulminate in^ 
question in small crystals. When washed and dried, it 
explodes with slight friction, or by a blow, or by the con- 
tact of strong nitric or sulphuric acid. Mixed with nitre, it 
forms the preparation contained in percussion caps. Ful- 
minate of silver is prepared very nearly in the same manner 
as the above. A dime is to be dissolved in about 2 ounces 
of common nitric acid, and the solution diluted with 2 
ounces of rain-water, and then 2 ounces of alcohol added, 
and the whole mixed well by shaking. By application of 
heat, rapid ebullition will soon commence, when the heat 
should be removed; and the fulminate will be gradually 
deposited, and should be immediately washed and dried. It 
is a beautiful white *solid, and should be handled with the 
utmost care, as it explodes most violently, even when damp, 
by the slightest friction, or by the mere contact of sulphuric 
acid. Both of the above substances, as well as the acid 
supposed to be contained in them, receive their names from 
their explosive properties. 



608. What fulminates are mentioned? How is fulminate of 
mercury prepared? What peculiar propeHy has thia substaAce 
from which the name is derived? What use is jnade of it? 
Describe the mode of preparing fulminate of silver. .What is said 
of its tendency to explode ? 
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609. Dauhle Cyanides. — Several of the cyanides of dif- 
ferent bases frequency combine, forming important com- 
pounds of great use in the arts. 

Ferrocyamde of potassmn^ the prussiate of potash of 
commerce, is prepared on a large scale bv igniting potash 
and iron-filings with animal matter, as old leather, woollen 
rags, and the horns and hoois of animals, by which cyanide 
of potassium is formed, and oxide of iron. The mass is 
then digested in water moderately heated, and, by the action 
of the cyanide of potassium upon the oxide of iron present, 
t]ie ferrocyanide is produced, and crystalizes from the solu- 
tion. The crystals are of a beautiful lemon-yellow color, 
and are yery soluble in water, but insoluble in alcohol. 
This substance contains the elements of two equivalents of 
cyanide of potassium, one equivalent of cyanide of iron, and 
three of water (2KCjN+FeCaN+3HO); but we cannot 
affirm that this is the mode in which they are really com- 
bined. Prussiate of potash is much used in the. arts, and 
may alwayj; be distinguished by its striking a deep blue 
when mixed in solution with sulphate of iron. 

610. Prussian blue^ so extensively used as a blue paint, 
is formed by mixing in solution prussiate of potash and a 
salt of the peroxide <^ iron. Its composition is very com- 
plex. It is insoluble in water, but is decomposed by alka- 
line solutions. . ^ 



609. Bo the cywiides sometimes combine with each other) 
What is the compositioa of Prussiate of potash ? How i& it pre- 
pared on a large scale ? What are some of its properties ? How 
may it be always known? 

610. What use is made of Prussian blue? How is it prepared ? 



V 
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SBYBBAL SUBfiTANCBS COMUON BOTH TO THE 
YEOBTABLB AND AKIMAL KINGDOMS. 

611. It has been the usual practice to treat of animal and 
vegetable substances separately ; but, as we shall see, there 
are many substances common to both classes of bodies, 
and therefore no attempt at such distinction is here made. 
So the processes of nutrition and respiration in animals and 
plants, though in many respects very difierent, still have so 
many points of resemblance that we prefer, in this work, to 
treat of them together. • 

612. Albumen. — This substance constitutes the white of 
eggs, and is contained in the blood and other parts of ani- 
mals. It is soluble in cold water, but coagulates and be- 
comes insoluble if heated to about 158°. It is precipitated 
from its eolation by apids or solutions of the salts. Fe- 
getahle albumen is contained in the different kinds of grain ; 
in various roots, as beets, turnips, &c., and in many kinds 
of wood. Its composition appears to be the same as that 
of animal albumen. 

613. FH^brine. — Fibrine is contained in the blood, and 
constitutes the basis of the muscles of animals. Separated 
from other substances, it is a white, inodorous solid, 
insoluble in water or alcohol. It appears to be composed 
of elongated globules, which adhere together and give it a 
fibrous structure. Fibrine is soluble in dilute hydrochloric 
acid, and in solutions of the caustic alkalies. 

611. Are there many substances common both to the vegetable 
and animal kingdoms? Are the processes of nutrition and respi- 
ration similar in plants and animals 1 

612. In what is albumen found? What is the effect of heat 
upon it ? What is vegetable albumen? In what is it found? 

613. In what is fibrine contained? What are some of its pro- 
perties when separated from other substances ? Of what does it 
appear to be composed ? In what is fibrine soluble ? Is it found 
in vegetables^ How may it be obtained from wheat flour. 
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This substance is also found in vegetable bodies. When 
paste made of wheat flour is washed for a length of time 
with pure water, to separate the starch,, a soft, tenacious 
substance is obtained; which has been called gltUen^ but is 
now found to be composed chiefly of a substance identical 
with fibrine, and is therefore called vegetable fibrine, ' 

614. Caseine, — This compound constitutes the chief 
part of the curd of milk, and of course is the basis of cheese. 
When separated from the other substances contained in 
milk, and dried, it is an insipid, yellowish substance, like 
gum. It is soluble In water containing free alkali^ and is 
not coagulated by heat, like albumen. It is, however, 
coagulated by acid, and by rennety a liquid formed by 
digesting in water the interior coat of the stomach of a calf. 
Like albumen and fibrine, caseine also has its representative 
in the vegetable kingdom. This is obtained from peas, 
beans, and similar vegetables, and has been called legumlne, 
but is now found to have the same composition as caseine. 

615. Th| three an l mft nces above described; though en- 
tirely distinct ih many of their properties, appear to have 
essentially the same composition, except that there is a little 
diflerence in the proportion of sulphur present. When any 
one of them is dissolved in an alkaline solution, and pre- 
cipitated by an acid, a white, tasteless, insoluble substance 
is obtained, called proteine^ which appears to serve as their 
basis. Besides proteine they also contain a small proportion 
of sulphur, as above intimated ; and albumen and fibrine 
contain a little phosphorus. Albumen, fibrine, and caseine, 
because of their containing proteine, are sometimes, by way 
<»-■ ■ ■ ■ « ' ■ ' t ' 

614* Of what does caseine constitute the chief part? Is it 
coagulated by heat? How is it affected by a free acid, or by ren- 
net ? Is caseine found in vegetables ? 

615. What is said of the composition of the three |bbstancet 
last mentioned ? What is proteine 1 
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*of distinction, called the proteine compounds. ' They com- 
pos^the chief part of the animal tissues, and are contained 
in several of the liquids of the animal system. 

Proteine enters also into the ^composition of the hair and 
nails and horns of animals. Its composition is C4oHgiN50i2. 

*dl6. Gelatine^ in a dry state, constitutes the glue of 
commerce. It exists abundantly in many parts of animals, 
as the skin, cartilages, membranes, &,c. ; from which it is 
separated by the action of boiling water ; and the solution, 
on cooling, forms a tenacious jelly. Isinglass is a variety 
of gelatine obtained from fishes. 

Gelatine may always be known by its forming a solid 
compound with tannic acid, called leather^ which may be 
preserved in a dry state for any length of time, and is less 
liable to decay than almost any other substance of animal 
origin. Leather is usually formed by subjecting the skins 
of animals for some time to an infusion of bark, which con- 
tains a large proportion of tannic acid; and the chief 
chemical change which takes place is believed to consist in 
a union of this acid with the gelatine of the skin. This is 
the common leather of which shoes are made; other 
varieties of this useful manufacture are prepared by different 
modes. Glove-leather, for instance, is prepared by impreg- 
nating the skin, after having been deprived of all its fatty 
matter by soaking in a weak alkali, with solution of com- 
mon salt and alum, from which chloride ^Puminum is 
formed, and unites with the gelatine of the 

617. By boiling gelatine with dilute sulphuric acid, and 
precipitating the acid with chalk, a sweet crystaline com- 
pound is obtained called glycocoU {glukus^ sweet, and kolla^ 
glue), or gehiine sugar, 

616. What is glael From what is it procured? How may 
gelatine always be known? How is leather formed? 

617. How is glycocoU formed? 
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VARIOUS SUBSTANCES, MOSTLY OF ANIMAL 

ORIGIN. 

618. Hie Blood, — ^The blood of different animals differs 
greatly in its appearance and properties. That of man and 
of the mammalia in general, is a slightly viscid liquid, of 'a 
dark pnrple color in the veins, but of a bright scarlet in the 
arteries. Either kind, after being drawn from the system, 
soon coagulates, and settles gradually into two portions, the 
coagulumj which is solid, and the serunij which is a yel- 
lowish liquid. The coagulum is composed chiefly of 
fibri^ne, mixed with globules of difierent sizes and forms in 
different animals, and containing the coloring matter, called 
hematine^ or hemaiosine. In the blood of man, these glo- 
bules, or discs, afe about ^Q^Q^th of an inch in diameter. 
Iron, which constitutes about 6 or 7 per cent, of the hema- 
tine, seems to be. an essential ingredient of blood, but its 
precise use cannot be explained. The serum of the blood 
has a density of about 1.03, and is chiefly a solution of 
albumen in water, with traces of alkaline and earthy salts. 
There are also contained in the blood, in small quantity, 
globules of fatty substance. 

The coagulation of the blood consists essentially in the 
agglutination of the flbrine it contains ; but perhaps some 
change also takes place in its other ingredients. The time 
required for this change varies considerably, and depends 
much upon temperature, being much more rapid in warm 
than in cold weather. It seems, also, to be influenced by 
the pressure of the atmosphere, as it takes place more rapidly 

■ 

618. Is the blood of all animals the same in appearance and 
composition? What is said of the blood in man and in the mam-' 
malia generally? What change soon takes place in the blood 
after being drawn from the system? What is the coagulum 
chiefly composed of? What is the serum composed of? In what 
does the coagulation of the blood consist? What sabstances are 
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ki the open air than in a close bottle ; but, on the other 
hand, .the coagulation is rendered more rapid by placing the 
blood under an exhausted receiver. 

Some substances prevent the coagulation of blood. This 
e^ct is produced by a saturated solution of chloride of 
sodium, hydrochlorate of ammonia, nitre, and a solution of 
potassa. The coagulation, on the contrary, is promoted by 
alum and the sulphates of the oxides of zinc and copper 
The blood of persons who have died a sudden violent death 
by some kinds of poison. Or from mental emotion, is usually 
found in a fluid state. Lightning is said to have a similai 
effect ; but the point seems not to be entirely settled. 

The cause of the coagulation of the blood has been the 
subject of much speculation among physiologists, and is as 
much a question at the present time as ft ever was. The 
reason why the blood retains its fluidity, coursing its way 
through the various minute ramifications of the system, during 
life, but immediately coagulates when the vital principle has 
fled, yet remains one of the profound mysteries of nature. 

All we can say is, the blood, whilst in connection with 
the living animal, participates in its life, and in consequence 
of it, retains its fluidity; but deprived of this vitality, it 
yields at once to other unknown influences which produce 
this effect. 

The blood, as is well known, is constantly circulating 
through th6 system ; — from the heart through the system 
and back to the heart, and then from the heart through the 
lungs and back a second time to the heart, to be again sent 
its former round through the system. While in the lungs, 
it is separated from the air in the air-cells only by a tMn 
membrane, through which the air permeates ; and it is here 



mentioned as preventing the coagulation of the blood? Is the 
cause of its coagulation known ? Is tl^e blood constantly circulat- 
ing through the system? Describe its course. What change is 
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that the purple color of the Tenons blood is changed to 
scarlet, the color it retains while passing through the 
arteries, as will be shown more fully when we come to 
apeak of respiration. 

The blood may be diseased either by* the excess or defi- 
ciency of one or more of its proper constituents, or from 
the presence of substances which are foreign to it. In acute 
inflammatory diseases, there is often a great increase in the 
quantity of fibrine ; while in other diseases, as chlorosis, the 
fibrine is unaffected, but the albumen of the serum is dimin* 
ished. In diabetes mellitus, traces of sugar are found in the 
blood, especially afler meals. 

One familiar instance of diseased blood is jaundice, when 
bile enters the circulation and is distributed to every organ- 
ized part of the body. Though the presence of bile in the 
blood during jaundice has been detected, yet its passage into 
the circulating mass appears so rapidly succeeded by its 
exit, that its detection in the blood itself is generally diffi- 
cult Urea has also been detected sometimes in very large 
quantity : it appears to be constantly present in the blood, 
whenever the secretion of urine is suppressed. 

619. The. Sap of plants performs in them the same func- 
tions as are performed by the blood of animals ; both serve 
to receive and distribute to the various parts of the organism 
the materials required for their growth and nourishment; 
and in both important chemical changes are constantly 
taking place, as will be seen more fully hereafter. 

620. Milk, — ^This is a fluid secreted by the female of 
many animals for the nourishment of their young. It is of 

produced in the blood in the lungs ? May the blood be diseased ? 
What instance of diseased blood is mentioned 1 

619. What office is performed by the sap in plants? 

620. What are some of the properties of milk? What is it 
composed of? What acid is formed in milk by standing for a 
time at an elevated temperature ? 
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a white color, and contains some twelve. or thirteen per 
cent, of solid matter, the re$t being liquid. It is not changed 
by heat, but is readily coagulated by all acids and by rennet, 
a substance which is obtained by digesting in water the 
lining membrane of a calPs stomach. It consists of water, 
caseine, milk-sugar, small quantities of several salts, and 
butter. This last substance is separated from it by the pro- 
cess of churning, and cheese consists mostly of the caseine 
contained in the milk. 

When milk is allowed to i^tand some hours, at a tempera- 
ture of between 60° and 70°, it sours ; and, on examination, 
a peculiar acid is found in it called lactic acid^ the compo- 
sition of which is CeHgOg. When highly concentrated, it is 
a thick^ colorless liquid, of specific gravity 1.21, and has a 
▼ery sour taste. It is scduble in alcohol and water, but 
cannot be crystalized. 

621. Lactic acid may also be formed from sugar by mix- 
ing with it in solution some curds from milk, and some 
chalk to neutralize any free acid that may form, and allowing 
it to stand for some time at a temperature of about 80°. 
The chemical change that takes place appears to be very 
simple, as an atom of grape-sugar contains exactly the 
ingredients of two Atoms of lactic acid. Tiius, CuHijOu^ 
2(CeH60e). 

Lactic acid is also formed when the juices of beets, car- 
rots, &,c., are allowed to ferment at high temperatures. At 
the same time a viscid, slimy substance is formed, from 
which circumstance this has been termed the vUcov^ fer* 
tnenfalion. 

When lactic acid combines with bases, it gives up one 
equivalent of water, or its equivalent, as we have seen in 
other cases (482). None of the lactates are important. 

621. By what mode may lactic acid be formed from sugar? 
May milk be made to undergo the vinous fermentation ? 
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When lactic acid is heated to near 500°, it is decomposed, 
and a substance which has been called lactide is 'sublimed, 
having the composition QH4O4. 

Milk may also be made to undergo the vinous or alco- 
holic fermentation. For this purpose it is exposed for some 
hours to a temperature of about 100^; and the alcohol, 
which, no doubt, is formed from the milk-sugar it contains, 
may subsequently be distilled from it. It has long been 
known that some barbarous nations are accustomed to pre- 
pare an intoxicating drink from milk by some fermenting 
process. 

622. The Gastric Juice, — ^This liquid, which is secreted 
from the coats of the stomach, is slightly saline and acid, 
and serves to dissolve the substances taken as food. It 
contains a peculiar substance called pepsine ; to which, and 
the free acid in it, its great solvent power is to be attributed. 
This property remains after it has been taken from the 
stomach, provided its temperature is kept at about 98^ (the 
natural temperature of the system) ; but it is destroyed by 
a boiling heat, or by neut|alizing the free acid it contains. 

623. The saliva is a slightly viscid* liquid, secreted by 
the glands of the mouth ; and being mixed with the food in 
the act of mastication, it is supposed to aid in its digestion. 
It contains saline matter, as common salt, and phospliate of 
lime. 

624. The bil^ is a greenish-yellow liquid secreted by the 
liver. It is bitter and nauseous to the taste, and contains a 
variety of substances, which cannot ^ be here described. 
The bile is collected in the gall-bladder, and is conveyed 



622. From what is the gastric juice secreted ? What purpose 
does it serve ? 

623. What is the saliva ? What does it contain ? 

624. By what organ is the bile secreted? What is said of its 
taste ? What purpose does it serve ? 
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by a small duct, and mixed with the food immediately after 
it leaves the stomach, producing some important changes 
in it, by which it is fitted to perform its proper office in 
nourishing the system. ^ 

625. The Pancreatic Juice^ a liquid secreted by the pan- 
creas, not unlike the saliva in appearance, is also mixed 
with the partially-digested food at the same time with the 
bile, but the specific part it serves is involved in obscurity. 

626. Tlie urine is a yellowish liquid, secreted by the 
kidneys, by which various substances are separated from 
the blood when no longer needed. It is a little heavier than 
^ater, and contains in solution a small portion of urea 

(607) and several difierent salts, as well as a little free acid, 
from which it acquires an acid reaction. A little mucus is 
also usually present, derived from the urinary passages ; and 
in consequence of this it putrefies if kept for a time at a 
summer temperature. 

The urine of birds, insects, and reptiles, is solid, and con- 
sists chiefly of urate of ammonia. Gft^ano, which has been 
so largely imported within a few years, to be used as a ma- 
nure, is composed chiefly of the urine and other excrements 
of birds, which have been collecting for ages in the places 
where they are found. It is imported chiefly, if not entirely, 
from islands on the coast of Africa, and ihe west coast of 
South America. 

Sometimes the composition of the urine in man and other 
animals becomes such, from the influence of disease, that a 
solid matter is deposited in the bladder, as a kind of gravel, 
or in large rounded masses, called calculi 

627. The Bones, — ^The earthy par^ of the bones of ani- 

625. What is the pancreatic juice? 

626. By what organs is the urine secreted ? What substances 
does it contain ? What does the urine of birds and insects con- 
sist of? What is guano ? 
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maU is composed chiefly of phosphate of lime, mixed with 
a little carbonate of the same earth, the whole being enve- 
loped in a tissue of cartilage, of which gelatine is the chief 
ingredient This earthy matter .and the organic tissue may 
easily be separated from each other. To separate the solid 
or earthy matter, it i^ only necessary to digest the bone for 
a time in dilute hydrochloric acid, in which both the phos- 
phate and carbonate of lime are soluble, so that they will be 
entirely removed, leaving the cartilage soft and flexible, but 
retaining perfectly the form of the bone. The cartilage may 
be removed by heating the bone some time in the open air, 
so as to burn away all the organic matter ; or by digesting 
it in solution of an alkali, or in water at a high temperature 
under pressure. In some cases of disease, as rickets, to 
which children and youth are chiefly liable, there is a defi- 
ciency of earthy matter in the bones ; and they are, in con- 
sequence, weak and incapable of aflfording the necessary 
support to the system. 

628. The teeth have essentially the same composition as 
the bones except that they contain less cartilage. / V^ 

CHEMICAL PHENOMENA OF RESPIRATION. 

629. Respiration of Animals. — All organized bodies 
require constantly the presence of atmospheric air for the 
proper performance o( their various functions, and their con- 
tinued existence in the living state. All the larger land- 
animals are provided with lungs, in which, by the action of 

" ■ ■ ■ . I.I, I . ■ .1 . ■ I , . 

627. What is the earthy part of bones composed of? What 
serves to envelope this earthy matter? How may the earthy 
matter be removed without desttoying the cartilage ? How may 
the cartilage be separated from the earthy matter? 

628. What are the teeth composed of? 

629. Do all organized beings constantly require the presence of 
air? How is this air supplied to the lungs of the larger animals? 
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certain muscles, air is constantly inhaled and again expelled^ 
and thus a continued circulation is kept up ; but* in some 
of the smaller ones, as insects, the breathing is by tubes 
called trachea, or is performed by the whole sur&ce of their 
bodies. In fishes, certain organs, called gills, perform the 
office of lungs, and the air that is breathed is first absorbed 
by the water, and from this imparted to the animal. In 
every case the process by which ^ the air is made to perform 
its office upon the living being is called respiration. 

The important chemical changes that attend the respira- 
tion of animals are, the constant absorption of oxygen, and 
the formation and evolution of carbonic acid. To show the 
presence of carbonic acid in the air expelled from the lungs, 
it is only necessary to apply a small tube to the mouth, and 
blow, a few seconds, into some recently-prepared lime* 
water; — the carbonic acid in the air from the lungs will 
unite with the lime, forming carbonate of lime, which 
is insoluble in water, and is therefore precipitated, giving 
the solution a milkiness. It is true there is a little carbonic 
acid in the air before it is taken into the lungs ; but while 
there the quantity is very considerably increased. Thjs is 
shown satisfactorily by blowing in the same manner by a 
hand-bellows into another portion of lime-water, when it 
will be found that a much longer time will be required to 
produce the milkiness alluded to. 

The blood in the larger animals is of two kinds, and is 
contained in two sets of vessels^ the arteries and veins ; the 
former of which convey it from the heart to the extremities. 

How do fishes breathe? What important chemical changes 
attend the respiration of animals? How may the presence of 
carbonic acid in the air expelled fVom the lungs be shown? What 
two kinds of blood are there in the larger animals? In what two 
sets of vessels is it contained ? What difference is there in the 
cdlor in the two kinds of arterial and venous blood? How is thib 
change from the venous to the arterial state effected ? How is the 
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and the latter serve to return it. The two kinds of blood are 
therefore called arterial and venous blood. Now, in the living 
body these two kinds of blood, as is well known,di0er remark- 
ably in their color;* the latter is of a dark purple, but the former 
of a bright vermilion color. The change from the venous 
to the arterial state is effected in the living animal during 
the passage of the blood through the capillary vessels of 
the lungs, where it is exposed to the action of an extensive 
surface of atmospheric air, through the thin membranes 
which separate these from the air-vessels (618) ; and the arte- 
rial blood, in traversing the capillary system of the body, 
imparting nourishment to it, gradually assumes the dark- 
colored condition in which it is returned to the heart by the 
veins. The same change is produced when venous blood, 
just taken from the system, is brought in contact with 
atmospheric air, and is attended with the evolution of car- 
bonic acid gas. It takes place more speedily when air is 
agitated with blood ; it is still more rapid when pure oxygen 
is substituted for atmospheric air ; and it does not occur at 
.«11 when oxygen is entirely excluded. The quantity of 
carbonic dcid developed very exactly corresponds with tli^it 
of the oxygen which disappears. 

There has been some difierence of opinion in regard to 
the mode in which the carbonic acid is produced in the 
system *, but it is now very well ascertained that the oxygen 
of the air in the lungs is absorbed by the blood, and carried 
by the circulation to every part of the body, where it com- 
bines with the carbon which is present in excess, producing 
the carbonic acid that is thrown off in the lungs. It is 
found, by examination, that both- arterial and venous blood 
hold in solution quantities of oxygen, nitrogen, and carbonic 

oxygen of the air distributed over every part of the body? Doe^ 
ihe air actually come in contact with the blood in the lung^ 
How then does the oxygen mix with the blood ? Will the quanti^ 
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acid ; but in arterial blood the quantity of oxygen is much 
greater in proportion to the carbonic acid than, in venous 
blood, while the quantity of nitrogen is the same in 
both. 

Formerly it was not known how the air is able to act 
upon the blood in the lungs, inasmuch as the air-cells and 
those containing the blood are separated from each othej^by 
membranes ; but it is now fully 'settled that animal and other 
membranes are permeable by the different gases. 

The quantity of oxygen withdrawn from the atmosphere, 
and of carbonic acid disengaged, is variable in different indi- 
viduals, and in the same individual at different times, de- 
pending very much upon the state of the system. Jn a 
state of health, any thing that accelerates the respiration 
increases the amount of oxygen absorbed, and the quantity 
of carbonic acid exhaled; but in certain cases of disease, as 
in inflammatory fevers, though the respiration may be very 
rapid, little oxygen is withdrawn f(om the air, and the 
venous blood is found to be very florid. 

630. Animal Heat. — It has long been known that there 
is a close connection be]tween the function of respiration and 
the development ot heat in the animal system. 

Thus, in all animals whose respiratory organs are small 
and imperfect, and which, therefore, consume but a compa- 
ratively minute quantity of oxygen, and generate little car- 
bonic acid, the temperature of the blood varies with that of 
the medium in which they live. In warm-blooded animals, 
on the contrary, in which the respiratory apparatus is larger, 
and the chemical changes more complicated, the temperature 
is almost uniform ; and those have the highest temperature 

■'''■' — I I ■ ■! . I ■ ■■ , 

of oxygen inhaled, and that of carbonic acid expelled, always be 
the same? 

630. What is said of the temperature of animals whose respi- 
ratory organs are small ? What is syd of the respiratory organs 
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whose lungs, in proportion to the size of their bodies, are 
largest,4ind which consume the greatest quantity of oxygen. 
The temperature of the same animal at different times is 
connected with the state of the respiration. When the 
blood circulates sluggishly, and the temperature is low, the 
quantity of oxygen consumed is comparatively small ; but, 
on the contrary, a large quantity of that gas disappears 
when the circulation is brisk and the power of generating 
heat energetic. It has , also been observed, that when an 
animal is placed in a very warm atmosphere, so as to require 
little heat to be generated within his own body, the con- 
sumption of oxygen is unusually small. 

Although it is well Jin own that the animal heat is con- 
nected with the respiration, as above shown, still it has not 
been found possible to determine the exact mode in which 
the heat is generated. It is however ascertained, as we shall 
see more fully by and by, that a large proportion of the food 
of 'all warm-blooded animals is expended in preserving the 
temperature of the system, while the remainder goes to 
-supply the constant waste of the various tissues. 

631. Respiration of Plants. — ^Plants, like animals, require 
the presence of air for their existence in a healthy state, and 
a kind of respiration takes place; but their action upon the 
air is dtogether different from that of animals, and is per- 
formed chiefly, if not entirely, by means of their leaves. 
Animals, we have seen, constantly absorb oxygen from the 
air, which is required in the healthy action of the system, 
while carbonic acid, which is formed in the system in ex- 

of warm-blooded animals? Is the temperature of the same animal 
at different times dependent upon respiration ? Does an animal 
respire less oxygen when in a warm atmosphere than in a cold 
one ? Is a portion of the food of warm-blooded animals expended 
in preserving their elevated temperature ? 

631. Do plants, like animals, require the constant presence of 
air? What organs of planA correspond to the lungs of animals? 
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cess, is constantly given off to the air ; on the other hand, 
plants, by the action of their leaves, at least while unfler the 
infltience of light (207), are ever absorbing carbonic acid, the 
carbon of which is retained, while the oxygen is supplied to 
the air. When light is absent, it is said, a reverse action 
takes place to a limited extent. 

It is here, no doubt, that we are to look for the beautiful 
provision of nature, by which the necessary supply of oxygen 
is kept up, notwithstanding the constant expenditure in the 
processes of respiration and pombustion; The absolute quan- 
tity of oxygen in the air is very great (223), but in a long 
course of ages it would necessarily be diminished sensibly, 
and the {^oportion of carbonic acid also sensibly increased, 
but for this or Ispme sinailar arrangement for the preservation 
of the proper balance of the system. 



CHEMICAL PHENOMENA OF THE NUTRITION 
' OF ANIMALS AND PLANTS. 

632. J^vifiiion of Animah — ^The matter of which the 
bodies of animals are composed is constantly changing and 
passing away, and requires to be renewed. Tiiis is done 
by the process of nutrition # 

Some animals live entirety upon animal, and others upon 
vegetable food, or a mixture of the two kinds ; — and the 
particular kind of food selected by each species seems espe- 
cially adapted to it;— but it is now known that, chemically. 



What gas is absorbed from the air by the leaves of plants < Is the 
influence of light necessary to produce this result? What becomes 
of the carbonic acid thus absorbed? What important effect is 
thus produced by plants upon the atmosphere? Is the proportion 
of oxygen in the air always the same ? 

632. How is the constant waste in the animal system supplied ? 
What is said of the food of different animals ? What are all the 
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there is less difference between substances of animal and 
those of vegetable origin than was formerly supposed. All 
the different kinds of food used by animals consist essentially 
of the proteine compounds (615), gelatine, starch, sugar, 
and &tty and oily substances. Besides these, the gramini- 
vora devour large quantities of woody fibre, a part of which, 
being closely allied in composition to sugar and starch, is 
probably appropriated to the support of the animal. These 
substances may evidently be divided into the two classes of 
nitrogenized and non-nitrogenized ; the former including 
the proteine compounds and gelatine, and the latter, starch, 
sugar, and the fats and oils ; — ^and these two kinds of food, 
it is very well ascertained, serve very distinct purposes in 
the animal economy, the nitrogenized substances going to 
supply the waste in the animal tissues, and the non-nitro- 
genized being entirely consumed in supporting respiration 
and keeping up the animal heat. 

We have seen above that a constant supply of oxygen is 
required to preserve the health and even the life of the 
animal system, and that the absorption of the oxygen is 
always attended by the evolution of carbonic acid and water. 
Now, these last substances are, without question, formed by 
the union of the carbon and hydrogen of the food with the 
oxygen received into the system in the act of respiration. 
And this carbon and hydrogen, we have good reason to be- 
lieve, is furnished chiefly, if not entirely, by the non-nitro- 
genized food, mentioned above, which may therefore be 

called the respiratory food ; while the nitrogenized sub- 

' ' ■ ....... I . . , _ 

<tifferent kinds of food essentially composed of? Into what two 
classes may articles of food be divided ? What is said of the dif> 
ferent purposes served by these two kinds of food? Is the absorp- 
tion of oxygen from the air always attended by the evolution of 
carbonic acid and water? How are these. two coAapounds formed 
in tlie system ? By what is this carbon and hydrogen supplied ? 
What are the two kinds of food called ? 
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Stances, which go to supply the constant waste of the tis- 
sues, may be called the elements of nutrition, 

633. The fat and oils found in animals appear to be stores 
of respiratory food, laid up by a wise foresight of nature for 
time of need. Thus, it is well known that when food is 
abundant the fat accumulates, which is again gradually 
wasted away when the sujiply of food becomes deficient. 
When the supply of food is wholly withheld from an ani- 
mal, the fat rapidly disappears, its carbon and hydrogen 
going to supply the demands of respiration ; and when this 
has all been consumed, the substance of the muscles is 
attacked, which become lean and flaccid, and lose their con- 
tractile power ; and at length the brain and nerves yield to 
the same influence, and death speedily closes the scene of 
suffering. In animals that lie torpid during the winter, 
nature has provided that in the summer season a large 
accumulation of fat is laid up to supply the demands of 
respiration during the time they lie torpid in their dens; 
and, on the approach of the warm weather of spring, they 
are consequently found lean and weak. 

We see, therefore, that the oxygen of the air is ever tend- 
ing to consume all living beings, as really as if they were 
in a burning fire ; in fact this consumption, which is a kind 
of combustion, is ever going on while respiration continues. 
To keep up the combustion, a constant supply of fuel is 
needed, which is found in the respiratory food, as before 
stated; and when these elements enter into combination 
within the animal system, heat is as necessarily developed 

633. What purpose do the fats and oils in animals serve? 
Under what circumstances do animals become fat? What becomes 
of this fat when the supply of food 19 deficient? What effects 
then follow after the accumulations of fat have been absorbed ? 
What is said of animals that lie torpid during the winter ? Does 
the oxygen of the air tend continually to consume all living beings? 
Is this consumption actually going on | How is the supply of fuel 
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as when the same thing takes place in the open air in ordi* 
nary combustion. 

The accuroubtions of &t are formed when the supply of 
food is greater than the wants of the system demand ; the 
amount of oxygen respired not being sufficient to oxydize 
entirely the carbon and hydrogen introduced into the sys^ 
tern. Now, the quantity of oxygen taken into the system 
depends upon respiration, and will be increased by anything 
which renders the respiration more rapid, as frequent exer- 
cise, which is well known to be unfavorable to the fattening 
of animals intended for slaughter. It is well known also 
that energetic exercise of the system, while it raises its tem- 
perature by the more rapid respiration produced, at the same 
time increases the appetite for food ; nature thus beautifully 
providing that the same cause which increases the quantity 
of oxygen respired shall also tend to the increase of the 
oxydable substances required for its neutralization in the 
system. 

634. Besides the waste occasioned in the system by 
respiration, which we have seen is supplied by the non- 
nitrogenized or respiratory food, the various tissues are sub- 
ject to a constant waste, and require to be constantly 
renewed. The matter for this purpose is supplied directly 
from the blood, and consists of the nitrogenized food, which 
is identical with the proteine compounds, and may be, as 
we have seen, either of vegetable or animal origin. The 
probability is, that these compounds, after, the solution of 
the food in the stomach by means of the gastric juice, arc 
absorbed unchanged, and conveyed to the blood, by which 

kept up ? How does violent exercise affect the fattening of ani- 
mals 1 How is this to be. explained on the principles we have 
been discussing? How does exercise afiect tbef temperature of the 
system ? How does exercise usually affect the appetito for food ? 
634. Are the tissues of the animal system ever wasting away ? 
By what kind of food is this waste supplied ? 



NITTRlfXON OF ANIMALS. 369 

they are distributed to the different parts of the system, and 
appropriated to supply their waste. 

It is important to notice that the composition of these 
substances is the same as that of the chief constituents of 
the blood, fibrine and albumen (57 1). It is probable therefore 
that, on being received into the blood from the food, they 
become incorporated into it, forming, a part of its substance, 
to be again abstracted in supplying the waste of the tissues. 
The waste or worn-out matter from the tissues is separated 
from the blood by means ^of the kidneys, and, mixed with 
water, constitutes the urine. 

The non-azotized or respiratory food is incapable of being 
converted into blood, but mixes with that fluid, and is by it 
distributed over, every part of the system, where it comes in 
contact with the oxygen inhaled in respiration. 

635. It has been a question whether the substances found 
in the animal system are produced by the animal organism, 
or whether they are all introduced ready formed m the 
food ; but it is now admitted that many of them are formed 
in the system out of the materials supplied in the food. 
Thus, it is known that a lean goose, fed on Indian com, 
will in a few days increase in weight several pounds, in 
consequence of the fat that will be formed in the system, 
which must have been contained in the com, or formed 
from the substance of the com by the oigans of the animal. • 
Now, that the most of it has been formed in the latter mode 
is certain from the fact that all the oil or fatty matter con- 
tained in the corn will amount only to a small fraction of 
the fat found in the goose. So bees will form wax when 
fed on pure honey or pure sugar. It has been found by 

635. What is said of the production of fat in a goose fed upon 
Indian corn? May not the (ht of the goose have been obtained 
from the corn? What is said of the production of wax by bees 
when fed on honey or sugar 7 

Y 
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experiment that for twenty parts of honey eonsamed they 
will form about one part of wax. 

636. The process by whieh the food in the stomach and 
intestines becomes fitted to yield the requisite nourishment 
is called digestion. The food, after being -masticated in the 
mouth and mixed with the saliva, passes into the stomach, 
where it is dissolved partially by the gastric juice (622), and 
is called chyme ; it then passes into the small intestines and 
is mixed with the bile (624) and the pancreatic juice, 
by which it is made to separate into two portions; one of 
them, called chyle^ being taken up by a set of vessels called 
lacteals^ and carried to the blood, and the other portion 
being thrown off as useless. 

637. JVutriiion of Plants. — Animals, we have seen, 
require organic matter for their support; but plants are 
noarished by inorganic matter. They have the power of 
appropriating to their use the simple elementary substances^ 
and assimilating them into their own substance. It might 
seem therefore that the nutrition of plants should have been 
discussed before that of animals; but though this might 
appear the natural order, we have preferred, for certain rea- 
sons, to delay the present topic to the last 

The proper germination of the seeds of most plants 
requires three conditions, viz : moisture, a proper ^egxee of 
warmth, and the presence of atmospheric air. If any one 
of these is wanting, the seed will not germinate properly, 
whatever other favorable circumstances there may be. The 
proper degree of warmth is between 60° and 80° for most 
plants ; but there is considerable diversity among them in 
this respect 

636. What is digestion ? What fluid secreted by the stoinach 
dissolves the food ? What is tte chyle? How is the chyle con- 
veyed to .the blood ? 

637. Do fnimals require organic matter jfor their food? By 
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638. At first the seed swells ^ muoh, and essential 
chemical changes take place in its substance, which consist, 
to some extent, in the conversion* of the starch of the seed 
into sugar. This change is seen in the malting of barley, 
which consists in subjecting it to influences that cause it 
to germinate^ and then suddenly checking its further growth 
by heat. This forms malt^ which is found to contain more 
sugar and less of starch and other substances than before. 

639. The young shoot is at first supported entirely by 
the substances contained in the lobes of the seed, but as 
soon as the roots are formed it draws its nourishment from 
the soil and air. We have already noti6ed (631) the beau- 
tiful provision by which the two great classes of organized 
bodies mutually compensate for the change each produces 
in the constituents of the atmosphere, and continue*that pror 
.portion of them which is conducive to the healthful existence 
of both. Animals, during respiration, are constantly giving 
off carbonic acid; while plants, by the action of light, 
absorb carbonic aeid and give ofi* oxygen. 

The carbon thus obtained by plants, and the water which 
is absorbed both by the roots and leaves, furnish the ele- 
ments for woody matter, and other bodies, as sugar, starch, 
&c., which contain oxygen and hydrogen in the proper pro- 
portion to form water. But a much more complex action 
than this would imply, usually takes place. The absorption 
of carbonic acid and liberation of oxygen goes on only in 

the light : in the dark an opposite effect is produced, oxygen 

* 

what are plants nourished ? What three conditions are required 
for the germination of seeds? What is the proper temperature? 

638. Do any important chemical changes attend the germination 
of seeds? In what is this change seen ? In what does the process 
of malting consist ? 

639. From what does the plant at first derive its nourishment 7 
What is the difference between animals and plants in the effects 
they are coQstantly producing upon* the atmosphere ? From what 
are the elements of the woody matter of plants furnished ? 
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18 absorbed and carbonic acid is given off; and the same 
effect is constantly produced by the colored portions, as the 
flowers and fruit Bat it has been fully proved that, on the 
whole, the quantity of carbonic acid absorbed is much 
greater than that evolved, whilst the quantity of oxygen 
evolved is much greater than that absorbed. 

040. But the proportion of nourishment derived from the 
air by different plants is no doubt exceedingly variable. 
Thus, several species of pine thrive well in mere sand that 
•contains little or no decaying organic matter, and must 
therefore derive their nourishment chiefly from the air ; but 
there are few plants oi this character ; most require to be 
situated in what we call a fertile soil — that is, a soil con- 
taining an abundance of ma*tter that will serve for nourish- 
ment to them, in order that they may maintain a vigorous, 
healthy growth. So the sugar maple {acer saccharinum) 
yields its sap, which is little more than a weak solution of 
sugar, before it has even commenced putting forth its leaves 
in the spring, which are the organs by which the absorption 
of air is carried on. This sugar, therefore, or rather its 
elements, must have been absorbed from the soil. 

641. Nitrogen, it is now well known, forms a necessary 
element of many vegetable substances ; and, like carbon, is 
probably absorbed partly frpm the air and partly from the 
soil. This element, it will be recollected, constitutes nearly 
four-fifths of the whole atmosphere; but besides this a 
small portion is always present in the air in the form of 

ammonia, and in the same form it is also supplied to the 

— ' 

640. Do all plants draw a like proportion of their nourishment 
from the air ? What is said of several species of pine ? Do most 
plants require a fertile soil for their healthy growth 1 What is 
fiaid of the sugar maple in this connection ? 

641. Is nitrogen absorbed by plants? What proportion of the 
Atmosphere is nitrogen ? In what other form is it also present in 
the air? 
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roots of plants in the soil. Many organic manures, which 
consist in part of putrefying animal matter, afford a large 
supply of it ; and it is to this agent, probably, that they owe 
their efficiency. 

642. Beside's the organic matter of plants, various inor- 
ganic substances, as alkaline and earthy salts, are always 
found contained in them, and no doubt serve an important 
purpose. These salts are obtained from the constant disin- 
tegration of the matter of the soil itself, and also from sub- 
stances used as manures. Most plants contain in them salts 
of potash, which are found as carbonate of potash in the 
ashes after combustion ; but in many plants that grow on 
the sea-shore soda is found to take the place of the potash. 
In the grasses and grains much silica is usually found, which 
seems to be required chiefly to give sufficient strength to the 
straw. The proportion of inorganic matter contained in 
any plant is shown by the quantity of ashes remaining after 
the organic portion has been consumed. 

643. As these inorganic substances ai'e necessary for the 
proper growth of plants, and all plants do not require the 
same substance, the reason is plain why the cultivation of 
certain crops is found so much more successful in some 
soils than in others. Thus wheat, which contains silica, 
lime, magnesia, potassa, and phosphoric acid, could not be 
expected to flourish in a soil destitute of potassa and phos- 
phoric acid. We see, too, why bone-dust and .wood-ashes, 
containing, as they do, the substances wanting in the soil 
for the production of this crop, should be found greatly to 
promote its growth, and become, under the circumstances, 
powerful fertilizers. 

642. Do plants require inorganic matter for their support f 
What salts do most plants contain 1 

643. Do all plants require the same substances for their nou- 
rishment ? 
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644. The object and use of manures have been in 
part anticipated by the remarks above. Every substance is 
called a manure which, applied to a soil, increases its pro- 
ductiveness. In a particular case it may be a substance 
which is required in the proposed crop, but of which the 
soil is deficient ; or it may be a substance designed merely 
to give the soil a proper texture, so that it may more easily 
be penetrated by the rootlets of the plants, or to increase its 
adhesiveness to enable it to retain longer the moisture that 
falls upon it. It is in the manner last mentioned, probably, 
that most mineral manures, as lime, marl, &c., usually 
operate. 

645. From the preceding remarks, the great advantage of 
a proper rotation of crops may readily be seen. The mineral 
constituents of a soil are derived from the disintegration of its 
subjacent rocks ; and some of them being contained only in 
small quantities, by continued succession of the same crop 
may be entirely removed, and the soil become impoverished. 
By substituting another crop which requires little or none 
of the material which has been exhausted, an abundant har- 
vest may perhaps be obtained ; and the soil, by the gradual 
decomposition of its subsoil, recover its former constitution. 
Indeed, a succession of crops may be so arranged, that, instead 
of impoverishing a soil, it will be gradually enriched, by the 
additions made to its organic components by the roots and 
rejected parts of the various crops left upon it 

■ ' " ■■ ....... ^ ■ ■ ■ ■■ ■ — 

644. What are manures ? 

645. May some of the constituents of a soil be removed by the 
successive growth of the same crop year after year ? How may 
this result be avoided ? 
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Quartz • 200 

Quercitrine 331 

QuickUme S32 
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Qoicktihrer 

Qoioia or quiniiie 



271 
327 



Ramcload • 55 

Ratsbane 257 

Realgar 258 

Red lead 269 

Red ochre. ••• •••. 247 

Red precipitate 272 

Rennet 352 

Keaine '•••• 342 

Respiration 152 

ofanimala 360 

of plants <*.. 364 

Rbodittm • 283 

Rochelle salts 324 

Rosin • . . . . 343 

Rotation of crops • • 374 

Rouge •• • 247 

Rubia tinctomm 330 

Ruby 237 

Safety lamp 181 

Sago 289 

Saleratns 220 

ammoniac * 227 

mirabile • 225 

soda 224 

volatile *..»... 229 

Salidne • *••• 321 

Salioyle 322 

Saliva 358 

Salt, common 223 

Glauber's 225 

Saltpetre 3^3 

Salts 215 

Sandarac •••.. .....^ 343 

Sap 356 

Sapphire *. 237 

Saxon blue • 329 

Scheele's green 859, 267 

Selenite 233 

BSLSXIUH 200 



Senecaoil ..• 344 

Senui ••• 354 

Silica 200 

SiLXCOV 199 

SzLvsR • 274 

German 256 

Smalt 255 

Smee*s battery 95 

Soap 218 

Soaps ^... 338 

Soda 223 

fountains •••• 171 

3oDiUM • ^...••. 222 

Sotania 328 

Solar spectrum . • » 67 

Soluble glass • 222 

Spathic iron 249 

Specular iron •...• 243 

Speculum metal 266 

Spelter 250 

Spermaceti •••.. 335 

oil 338 

Spirit of salt 205 

Spirits of nitre 315 

ofwine ....•.••.• 300 

Spodumeme 238 

Starch 288 

Stearine ....••... 332 

Stearoptens 340 

Steel 246 

ore 249 

Strontia 231 

Stroittiuji 230 

Strychnia % 328 

Sublimation •..•;...•...•..• 49 

Suet •••* 332 

Sug^r 288 

barley • '292 

cane •• 290 

diabetic • 292 

grape •... 292 

liquorice 294 

294 
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Sogftr, mushroom 294 

starch • 293 

of lead 305 

of mUk 293 

Salphobenzide • 321 

SULPHUE 184 

alcohol 310 

alcohol of 192 

springs 191 

Symbols.. 139 

Sympathetic ink 4. « . . 255 

Synaptase 347 

Table of elements, &c.. t . • • • 130 
Tallow 332 

bayberry 334 

Tapioca 289 

Tar 342 

Tartar 324 

cream of.. 324 

Teeth 360 

Tellurium ..» ,..4... 271 

Theine... 328 

Thermometers 19 

Thermo-muItipUers '36, 83 

Thorite 239 

Thorium 239 

Tin 252 

Tincal 225 

Tinfoil 253 

plate 253 

Tire of wheels ............. 17 

Titanium ^...^ 271 

Tolu, baleam of 322 

Tombac '.........,... 265 

Treacle ,..>,••., 291 

TuNGhSTEN 271 

Turkey rvd 330 

Turmeric..... 331 

Turpeth mineral 274 

Type metal 268 

Types, chemical 287 



Ulmine 295 

Upas ..•• 328 

Uranium 271 

Urea 348 

Urine 359 

Vanadium..*^ 271 

Vegetable alkalies 326 

Veratria 328 

Verdigris 305 

Vermilion 273 

Vinegar 302 

Vinous fermentation 298 

oilof 188 

Viscous fermentation 357 

Vitriol, blue 266 

green 249 

white 251 

Volatile oils .. ' «> 339 

Voltaic pile 87* 

Water 156 

lime*... « 233 

Wax, myrtle * 334 

White lead 270 

Wine, spirits of 330 

Wintergreen, oil of 322 

Witherite 230 

Wood, woody fibre 29^ 

Wood ether 316 

spirit 307 

vinegar • . . 3J4 

Xyloidine ^ . 296 

Yeast 301 

Yttrium •• 239 

Zaffire. • 255 

ZiNO.« 2:"0 

Zircon ••••,... ]39 

Zirconium • 239 
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